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I.  INTRODUCTION 


This  publication  supersedes  Bureau  Circular  C47,  issued  July  1, 1914.  Necessary 
corrections  have  been  made  and  the  text  has  been  revised  and  rearranged.  The  supple- 
ment to  Circular  C47  (Table  of  Equivalents — Millimeters  to  Inches),  issued  October 
27,  1917;  Miscellaneous  Publication  M49  (Graphic  Comparison  of  Screw  Thread 
Pitches);  and  Letter  Circular  LC376  (Metric  and  English  Distance  Equivalents  for 
Athletic  Events)  are  included  in  the  body  of  the  publication.1 

In  the  construction  of  the  tables  in  this  publication,  when  the  fundamental 
relation  of  the  units  furnished  directly  a  reduction  factor  for  use  in  determining 
the  multiples  of  the  units,  this  factor  was  used  in  its  fundamental  form,  as,  for  example, 
that  1  meter =39. 37  inches.  Reduction  factors  which  it  was  necessary  to  obtain, 
however,  by  multiplication,  division,  powers,  or  roots,  etc.,  of  the  fundamental  rela- 
tions were  usually  carried  out  to  a  greater  degree  of  accuracy  than  that  to  which  it  is 
usually  possible  to  make  measurements,  for  convenience  in  computing  the  multiples  to 
the  accuracy  desired. 

When  the  tables  do  not  give  the  equivalent  of  any  desired  quantity  directly  and 
completely,  the  equivalent  can  usually  be  obtained,  without  the  necessity  of  making  a 
multiplication  of  these  reduction  factors,  by  using  quantities  from  several  tables, 
making  a  shift  of  decimal  points,  if  necessary,  and  merely  adding  the  results. 

The  supplementary  metric  units  are  formed  by  combining  the  words  4 'meter", 
"gram",  and  "liter"  with  the  six  numerical  prefixes,  as  in  the  following  table: 


Prefixes 

Meaning 

Units 

milli- 
centi- 

=  one 
=  one 

-thousandth 
■hundredth 

1 

1000 

1 

100 

.  001 
.  01 

"meter"  for  length. 

deci- 

Unit 

—  one 

—  one 

-tenth 

1 

10 

.  1 

1 

"gram"  for  weight  or  mass. 

deka- 

=  ten 

10 

1 

10 

hecto- 

=  one 

hundred 

100 

1 

100 

"liter"  for  capacity. 

kilo- 

=  one 

thousand 

1000 

1 

1000 

All  lengths,  areas,  and  cubic  measures  in  the  following  tables  are  derived  from  the 
international  meter,  the  basic  relation  between  units  of  the  customary  and  the  metric 
systems  being: 

1  meter=39.37  inches, 


contained  in  the  law  of  July  28,  1866,2  and  set  forth  in  the  Mendenhall  Order  3  of 
April  5,  1893,  namely: 

1  yard  _  3600 
1  meter  3937* 

1  Weights  and  measures  publications  of  the  National  Bureau  of  Standards  are  listed  in  Miscellaneous  Publication  M103,  Weights 
and  Measures  References,  which  may  be  obtained  by  purchase  (price  10  cents)  from  the  Superintendent  of  Documents,  U.  S. 
Government  Printing  Office,  Washington,  D.  C. 

2  United  States  Code,  title  15,  ch.  6,  sec.  205  (Revised  Statutes,  sec.  3570). 

3  TJ.  S.  Coast  and  Geodetic  Survey  Bulletin  26,  Apr.  5,  1893. 

(1) 
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All  capacities  are  based  on  the  equivalent  1  liter  equals  1.000  027  cubic  deci- 
meters. The  decimeter  is  equal  to  3.937  inches  in  accordance  with  the  legal  equiva- 
lent of  the  meter  given  above.  The  gallon  referred  to  in  the  tables  is  the  United 
States  gallon  of  231  cubic  inches.  The  bushel  is  the  United  States  bushel  of  2  150.42 
cubic  inches.  These  units  must  not  be  confused  with  the  British  units  of  the  same 
name  which  differ  from  those  used  in  the  United  States.  The  British  gallon  (277.420 
cubic  inches)  is  approximately  20  percent  larger,  and  the  British  bushel  (2  219.36 
cubic  inches)  is  3  percent  larger  than  the  corresponding  units  used  in  this  country. 

All  weights  are  derived  from  the  International  Kilogram,  as  authorized  in  the 
Mendenhall  Order  of  April  5,  1893.  The  relation  used  is  1  avoirdupois  pound  = 
453.592  427  7  grams. 

II.  FUNDAMENTAL  EQUIVALENTS 

In  its  original  conception  the  meter  was  the  fundamental  unit  of  the  metric 
system,  and  all  units  of  length  and  capacity  were  to  be  derived  directly  from  the 
meter  which  was  intended  to  be  equal  to  one  ten-millionth  of  the  earth's  quadrant. 
Furthermore,  it  was  originally  planned  that  the  unit  of  mass,  the  kilogram,  should  be 
identical  with  the  mass  of  a  cubic  decimeter  of  water  at  its  maximum  density.  At 
present,  however,  the  units  of  length  and  mass  are  defined  independently  of  these 
conceptions. 

The  International  Prototype  Meter  is  kept  at  the  International  Bureau  of 
Weights  and  Measures.  By  definition  the  meter  now  bears  no  definite  relation  to 
the  earth's  quadrant,  but  is  the  length  of  a  certain  platinum-iridium  bar  when  sup- 
ported in  a  definitely  specified  manner,  at  the  temperature  of  melting  ice,  and  at 
standard  atmospheric  pressure  (760  millimeters  of  mercury).  The  kilogram  is 
independently  defined  as  the  mass  of  a  definite  platinum-iridium  standard,  the 
International  Prototype  Kilogram,  which  is  also  kept  at  the  International  Bureau  of 
Weights  and  Measures.  The  liter  is  defined  as  the  volume  of  a  kilogram  of  water,  at 
standard  atmospheric  pressure,  and  at  the  temperature  of  its  maximum  density, 
approximately  4°  C.  The  meter  is  thus  the  fundamental  unit  on  which  are  based  all 
metric  standards  and  measurements  of  length  and  area,  and  of  volumes  derived  from 
linear  measurements. 

A  supplementary  definition  of  the  meter  in  terms  of  the  wave  length  of  light  was 
adopted  provisionally  by  the  Seventh  General  (International)  Conference  on  Weights 
and  Measures,  in  1927.  According  to  this  definition,  the  relation4  for  red  cadmium 
light  waves  under  specified  conditions  of  temperature,  pressure,  and  humidity  is 

1  meter=l  553  164.13  wave  lengths. 
This  corresponds  to  a  wave  length  (cadmium  red)  of 

6  438.469  6X10-7  millimeters. 

The  kilogram  is  the  fundamental  unit  on  which  are  based  all  metric  standards 
of  mass.  The  liter  is  a  secondary  or  derived  unit  of  capacity  or  volume.  The  liter 
is  larger  by  about  27  parts  per  million  than  the  cube  of  the  tenth  of  the  meter,  i.  e., 
the  cubic  decimeter — that  is,  1  liter  =1.000  027  cubic  decimeters. 

The  conversion  tables  in  this  publication  which  involve  the  relative  length  of 
the  yard  and  meter  are  based  upon  the  relation: 

1  meter  =  39.37  inches, 

contained  in  the  act  of  Congress  of  1866. 5  From  this  relation  it  follows  chat  1  inch= 
25.400  05  millimeters  (nearly). 

4  J.  R.  Benoit,  C.  Fabry,  and  A.  Perot,  Nouvelle  determination  du  rapport  des  longueurs  d'onde  fondanaentales  avec  l'unite 
metrique.   Trav.  et  Mem.  Bur.  Int.  Poids  et  Mesures  15,  131  (1913). 

5  United  States  Code,  title  15,  sec.  205. 
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In  recent  years  engineering  and  industrial  interests  the  world  over  have  urged 
the  adoption  of  the  simpler  relation,  1  inch  =  25.4  millimeters  exactly,  which  diflers 
from  the  preceding  value  by  only  2  parts  in  a  million.  This  simpler  relation  has  not 
as  yet  been  officially  adopted  by  either  Great  Britain  or  the  United  States,  but  is  in 
wide  industrial  use.6 

III.  DEFINITIONS  OF  UNITS 
1.  LENGTH 

Fundamental  Units 

A  meter  (m)  is  a  unit  of  length  equal  to  the  distance  between  the  defining  lines 
on  the  International  Prototype  Meter  when  this  standard  is  at  the  temperature  of 
melting  ice  (0°  C). 

A  yard  (}Td)  is  a  unit  of  length  equal  to  fffr  of  a  meter. 

Multiples  and  Submultiples 

1  kilometer  (km)  =  1  000  meters. 

1  hectometer  (hm)  =  100  meters. 

1  dekameter  (dkm)  =  10  meters. 

1  decimeter  (dm)=0.1  meter. 

1  centimeter  (cm)  =  0.01  meter. 

1  millimeter  (mm)  =  0.001  meter. 

1  micron  (m)  =  0.000  001  meter=0.001  millimeter. 

1  millimicron  (m/x)  =  0.000  000  001  meter=0.001  micron. 

f  =  0.000  000  1  millimeter. 
1  angstrom  (A)  j  =  .000  1  micron. 

1=  .1  millimicron. 

1  statntp  milpi  =  8  furlongs  =  320  rods. 
1  statute  milej==1  76Q  vards=5  280  feet 

1  furlong       mile=40  rods=220  yards=660  feet. 

1  rod  =  5K  yards  =16^  feet=25  links. 

1  foot=%  yard  =12  inches. 

1  hand  =  4  inches. 

1  inch  =  ^6  yard=K2  foot. 

1  line  (button)  =  }i0  inch. 

1  point  (printers)  =  Yn  inch. 

1  mil  =  Kooo  inch. 

1  chain  (Gunter's)=4  rods=22  yards=66  feet=100  links. 
1  link  (Gunter's)  =  Xoo  chain=7.92  inches. 
1  U.  S.  nautical  mile  1 

1  sea  mile  =1  853.248  meters=6  080.20  feet. 

1  geographical  mile  J 

1  international  nautical  mile=l  852  meters=6  076.10  feet. 
1  fathom  =  6  feet =8  spans. 
1  span=}s  fathom =9  inches. 

2.  AREA 

Fundamental  Units 

A  square  meter  (m2)  is  a  unit  of  area  equal  to  the  area  of  a  square  the  sides  of 
which  are  1  meter. 

A  square  yard  (sq  yd)  is  a  unit  of  area  equal  to  the  area  of  a  square  the  sides  of 
which  are  1  yard. 

Multiples  and  Submultiples 

1  square  kilometer  (km2)  =  l  000  000  square  meters. 

1  hectare  (ha),  or  square  hectometer  (hm2)  =  10  000  square  meters. 

6  Conversion  tables  (ASA  B48. 1-1933),  computed  on  the  basis  of  1  inch=25.4  mm  exactly,  may  be  obtained  from  the  American 
Standards  Association,  New  York,  N.  Y. 
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1  are  (a),  or  square  dekameter  (dkm2)  =  100  square  meters. 

1  centare  (ca)  =  1  square  meter. 

1  square  decimeter  (dm2)  =  0.01  square  meter. 

1  square  centimeter  (cm2)  =  0.000  1  square  meter. 

1  square  millimeter  (mm2)  =  0.000  001  square  meter. 

..  -i    /       -n  f  =  640  acres  =102  400  square  rods. 

1  square  mile  ^sq  mi;  j  =  3  0g7  6Q()  gquare  yards==27  878  400  square  feet. 

1  acre  (acre)  =  10  square  chains ^uaTe  T°d?=?  840  Sqimre  yards- 
v       '  H  [  =  43  560  square  feet. 


square  chain  (sq  ch){z}«  SB^^g4  ^  ^ 

1  square  link  (sq  li)|  =  H«  I  tT  «9°wl  1  square.y"d- 

H  v  H    J  [  =  0.43o  6  square  ioot  =  62.726  4  square  inches. 

1  square  rod  (sq  rd)  =  30.25  square  yards  =  272.25  square  feet=625  square  links. 

1  square  foot  (sq  ft)  =  %  square  yard=144  square  inches. 

1  square  inch  (sq  in.)  =  #296  square  yard  =  K44  square  foot. 

3.  VOLUME 

Fundamental  Units 

A  cubic  meter  (m3)  is  a  unit  of  volume  equal  to  a  cube  the  edges  of  which  are  1 
meter. 

A  cubic  yard  (cu  yd)  is  a  unit  of  volume  equal  to  a  cube  the  edges  of  which  are  1 
yard. 

Multiples  and  Submultiples 

1  cubic  kilometer  (km3)  =  l  000  000  000  cubic  meters. 
1  cubic  hectometer  (hm3)  =  l  000  000  cubic  meters. 
1  cubic  dekameter  (dkm3)  =  l  000  cubic  meters. 
1  stere  (s)  =  1  cubic  meter. 
1  cubic  decimeter  (dm3)  =  0.001  cubic  meter. 

1  cuoic  centimeter  (cm3)  =  0.000  001  cubic  meter =0.001  cubic  decimeter. 

1  cubic  millimeter  (mm3)  =  0.000  000  001  cubic  meter=0.001  cubic  centimeter. 

1  cubic  foot  (cu  ft)  =  %7  cubic  yard. 

1  cubic  inch  (cu  in.)  =  %66  56  cubic  yard=}i728  cubic  foot. 
1  board  foot  (fbm)  =  144  cubic  inches=X2  cubic  foot. 
1  cord  (cd)  =  128  cubic  feet. 

4.  CAPACITY 

Fundamental  Units 

A  liter  (liter)  is  a  unit  of  capacity  equal  to  the  volume  occuped  by  the  mass  of 
1  kilogram  of  pure  water  at  its  maximum  density  (at  a  temperature  of  4°  C,  prac- 
tically) and  under  the  standard  atmospheric  pressure  (of  760  mm).  It  is  equivalent 
in  volume  to  1.000  027  cubic  decimeters. 

A  gallon  (gal)  is  a  unit  of  capacity  equal  to  the  volume  of  231  cubic  inches.  It 
is  used  for  the  measurement  of  liquid  commodities  only. 

A  bushel  (bu)  is  a  unit  of  capacity  equal  to  the  volume  of  2  150.42  cubic  inches. 
It  is  used  in  the  measurement  of  dry  commodities  only.7 

Multiples  and  Submultiples 

1  hectoliter  (hi)  =  100  liters. 
1  dekaliter  (dkl)  =  10  liters. 
1  deciliter  (dl)=0.1  liter. 
1  centiliter  (cl)  =  0.01  liter. 

7  This  is  the  so-called  stricken  or  struck  bushel.  A  heaped  bushel  for  apples  of  2  747.715  cubic  inches  was  established  by  the 
U.  S.  Court  of  Customs  Appeals  on  Feb.  15, 1912,  in  United  States  v.  Weber  (no.  757).  A  heaped  bushel,  equivalent  to  IH  stricken 
bushels,  is  also  recognized. 
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1  milliliter  (ml) =0.001  liter  =1.000  027  cubic  centimeters. 

1  liquid  quart  (liq  qt)  =  xi  gallon  =  57.75  cubic  inches. 

1  liquid  pint  (liq  pt)  =  !s  gallon  =x2  liquid  quart  =  28.875  cubic  inches. 

1  gill  (gi)  =  132  gallon  =x4  liquid  pint  =  7.218  75  cubic  inches. 

1  fluid  ounce  (fl  oz)=Ks»  gallon  =1]6  liquid  pint. 

1  fluid  dram  (fl  dr)=%  fluid  ounce  =  1i2s  liquid  pint. 

1  minim  (min  or  TTL )  =  L6o  fluid  dram=14so  fluid  ounce. 

1  peck  (pk)  =  x4  bushel =537.605  cubic  inches. 

1  dry  quart  (dry  qt)  =  >2  bushel  =%  peck  =  67.200  625  cubic  inches. 
1  dry  pint  (dry  pt)  =  %4  bushel^?  dry  quart  =  33.600  312  5  cubic  inches. 
1  barrel,  for  fruits,  vegetables,  and  other  dry  commodities,  other  than  cran- 
berries,s=7  056  cubic  inches=105  dry  quarts. 
1  barrel  for  cranberries  —  d  826  cubic  inches.9 

5.  MASS 

Fundamental  Units 

A  kilogram  (kg)  is  a  unit  of  mass  equal  to  the  mass  of  the  International  Prototype 
Kilogram. 

A  gram  (g)  is  a  unit  of  mass  equal  to  one-thousandth  of  the  mass  of  the  Inter- 
national Prototype  Kilogram. 

An  avoirdupois  pound  fib  avdp)  is  a  unit  of  mass  equal  to  0.453  592  427  7  kilo- 
gram. 

A  troy  pound  (lb  t)  is  a  unit  of  mass  equal  to  ?  I  %  %  of  that  of  the  avoirdupois 
pound. 

Multiples  and  Submultiples 

1  metric  ton  (t)  =  l  000  kilograms. 

1  hectogram  (hg)  =  100  grams. 

1  dekagram  (dkg)  =  10  grams. 

1  decigram  (dg)  =  0.1  gram. 

1  centigram  (eg)  =  0.01  gram. 

1  milligram  (mg)  =  0.001  gram. 

1  metric  carat 10  (c)  =  200  milligrams  =  0.2  gram. 

1  avoirdupois  ounce  (oz  avdp)  =  he  avoirdupois  pound =43 7. 5  grains. 

1  avoirdupois  dram  (dr  avdp)  =  ^5  6  avoirdupois  pound=1i6  avoirdupois  ounce. 

1  grain  (grain)  =  ^000  avoirdupois  pound=  1576o  troy  pound. 

1  apothecaries'  pound  (lb  ap)  =  l  troy  pound =4 600  avoirdupois  pound. 

1  apothecaries'  or  troy  ounce  (oz  ap  or  5,  oz  t)  =  li«  troy  pound avoirdu- 
pois pound =480  grains. 

1  apothecaries'  dram  (dr  ap  or  5)  =  196  apothecaries'  pound=:,  apothecaries' 
ounce  =  60  grains. 

1  pennyweight  (dwt) = %0  troy  ounce  =  24  grains. 

1  apothecaries'  scruple  (5  ap  or  3)  =  13  apothecaries'  dram  =  20  grains. 
1  short  hundredweight  (sh  cwt)  =  100  avoirdupois  pounds. 
1  long  hundredweight  (1  cwt)  =  112  avoirdupois  pounds. 
1  short  ton  (sh  tn)  =  2  000  avoirdupois  pounds, 
1  long  ton  (1  tn)  =  2  240  avoirdupois  pounds. 

IV.  STANDARDS  OF  MEASUREMENT 

Units  of  measurement  should  be  distinguished  from  standards  of  measurement. 
Units  of  length  are  fixed  distances,  independent  of  any  other  consideration,  while 
length  standards  are  affected  by  the  expansion  and  contraction  resulting  from  changes 
of  temperature  of  the  material  of  which  the  standard  is  composed.    It  is  therefore 

s  As  fixed  by  United  States  standard  barrel  act  (United  States  Code  ,  title  15,  eh.  6,  sec.  234) . 
•  As  computed  from  dimensions  fixed  by  United  States  standard  barrel  act,  see  above. 

™  See  Bureau  of  Standards  Circular  C43,  The  Metric  Carat,  for  a  discussion  of  the  metric  carat  and  tables  of  the  relations  of  the 
metric  carat  to  the  old  carat  of  205.3  milligrams  in  use  in  this  country  previous  to  July  1,  1913. 
22698° — 36  2 
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necessary  to  fix  upon  some  temperature  at  which  the  distance  between  the  defining 
lines  or  end  surfaces  of  the  standards  shall  be  equal  to  the  unit.  The  same  is  true  of 
standards  of  capacity,  which  at  some  definite  temperature  contain  a  given  number 
of  units  of  volume. 

The  recommended  standard  temperature  for  commercial  and  industrial  length 
standards  is  20°  C  (68°  F).  Some  metric  standards,  especially  those  made  in  Europe 
until  recently,  are  intended  to  be  correct  at  0°  C.  In  the  past  some  length  standards 
graduated  in  the  customary  units  have  been  made  to  be  correct  at  62°  F  (16.67°  C). 

For  measurements  of  high  precision  it  is  also  necessry  to  specify  the  manner 
of  support  of  the  standards,  whether  at  certain  points  only  or  throughout  their 
entire  length,  and  in  the  case  of  tapes  it  is  also  necessary  to  give  the  tension  applied 
to  the  tape  when  in  use. 

In  the  United  States  the  capacity  standards,  both  metric  and  customary,  are 
made  to  hold  the  specified  volumes  at  4°  C.  Standards  of  capacity  are  usually 
made  of  brass  and  the  capacity  at  any  other  temperature  may  be  computed  by  the 
use  of  the  coefficient  of  cubical  expansion  of  that  material  usually  assumed  to  be 
0.000  054  per  degree  centigrade.  In  the  purchase  and  sale  of  liquids  a  more  important 
consideration  than  the  temperature  of  the  measures  is  the  temperature  of  the  liquid 
when  measured,  for  the  reason  that  the  large  coefficient  of  expansion  of  many  liquids 
makes  the  actual  mass  of  a  given  volume  delivered  vary  considerably  with  tem- 
perature. 

While  the  temperature  of  a  weight  does  not  affect  its  mass,  it  is  nevertheless 
important  that  when  two  weights  are  compared  in  air  they  both  be  at  the  same 
temperature  as  the  air.  If  there  is  a  difference  between  the  temperature  of  the  air 
and  the  weights,  convection  currents  will  be  set  up  and  the  readings  of  the  balance 
will  be  thereby  affected.  Also,  since  weights  are  buoyed  up  by  the  surrounding  air 
by  amounts  dependent  upon  their  volumes,  it  is  desirable  that  the  weights  of  any 
set  be  of  the  same  material.  If  two  weights  of  the  same  density  balance  in  air  of  a 
certain  density  they  will  balance  in  vacuo  or  in  air  of  a  different  density. 

Brass  is  the  material  most  widely  used  for  standard  weights,  although  platinum 
and  aluminum  are  quite  commonly  used  for  weights  of  1  gram  or  less.  In  the  absence 
of  any  knowledge  as  to  the  actual  density  of  weights,  those  made  of  brass  are  assumed 
to  have  a  density  of  8.4  grams  per  cm3  at  0°  C,  while  those  of  platinum  and  of  alumi- 
num are  assumed  to  have  densities  of  21.5  and  2.7  grams  per  cm3,  respectively. 

V.  SPELLING  AND  ABBREVIATION  OF  UNITS 

The  spelling  of  the  names  of  units  as  adopted  by  the  National  Bureau  of  Standards 
is  that  given  in  the  list  below.  The  spelling  of  the  metric  units  is  in  accordance  with 
that  given  in  the  law  of  July  28, 1866,  legalizing  the  metric  system  in  the  United  States. 

Following  the  name  of  each  unit  in  the  list  below  is  given  the  abbreviation  which 
the  Bureau  has  adopted.   Attention  is  particularly  called  to  the  following  principles: 

1.  The  period  is  omitted  after  all  abbreviations  of  units,  except  where  the 
abbreviation  forms  an  English  word. 

2.  The  exponents  "2"  and  "3"  are  used  to  signify  "square"  and  "cubic", 
respectively,  in  the  case  of  the  metric  units,  instead  of  the  abbreviations  "sq  "  or  "cu". 
In  conformity  with  this  principle  the  abbreviation  for  cubic  centimeter  is  "cm3" 
(instead. of  "cc"  or  "c  cm").  The  term  "cubic  centimeter",  as  used  in  chemical 
work,  is,  in  fact,  a  misnomer,  since  the  unit  actually  used  is  the  "milliliter",  of  which 
the  correct  abbreviation  is  "ml".    (See  p.  4). 

3.  The  use  of  the  same  abbreviation  for  both  singular  and  plural  is  recommended. 
This  practice  is  already  established  in  expressing  metric  units  and  is  in  accordance 
with  the  spirit  and  chief  purpose  of  abbreviations. 

4.  It  is  also  suggested  that,  unless  all  the  text  is  printed  in  capital  letters,  only 
small  letters  be  used  for  abbreviations,  except  in  such  case  as  A  for  angstrom,  etc> 
where  the  use  of  capital  letters  is  general. 
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1.  LIST  OF  THE  MOST  COMMON  UNITS  OF  WEIGHT  AND  MEASURE  AND  THEIR 

ABBREVIATIONS 


Unit 

Abbreviation 

Unit 

Abbreviation 

Unit 

Abbreviation 

 .  

acre 

acre 

dram,  apotnacaries 

dr  ap  or  o 

ounce,  avoirdupois 

oz  avdp 

angstrom 

A 

dram,  avoirdupois 

dr  avdp 

ounce,  fluid 

fl  oz 

are 

a 

dram,  fluid 

fl  dr 

ounce,  troy 

oz  t 

avoirdupois 

avdp 

fathom 

fath 

peck 

pk 

barrel 

DDI 

foot 

ft 

pennyweight 

dwt 

board  foot 

i  bm 

furlong 

fur. 

pint 

Pt 

bushel 

DU 

gallon 

gal 

pound 

IK 
ID 

carat  • 

C 

grain 

grain 

pound,  apothecaries' 

lb  ap 

centare 

ca 

gram 

g 

pound,  avoirdupois 

lb  avdp 

centigram 

eg 

hectare 

ha 

pound,  troy 

lb  t 

centiliter 

cl 

hectogram 

hg 

quart 

qt 

centimeter 

cm 

hectoliter 

hi 

rod 

_  j 
ra. 

chain 

cn 

hectometer 

hm 

scruple,  apothecaries 

s  ap  or  5) 

cubic  centimeter 

cm' 

hogshead 

nna 

square  centimeter 

cm2 

cubic  decimeter 

dm' 

hundredweight 

cwt 

square  chain 

sq  ch 

cubic  dekameter 

dkm3 

inch 

in. 

square  decimeter 

dm2 

cubic  foot 

cu  ft 

kilogram 

kg 

square  dekameter 

dkm2 

cubic  hectometer 

hm3 

kiloliter 

Kl 

square  foot 

sq  ft 

cubic  inch 

cu  in. 

kilometer 

Km 

square  hectometer 

nm1 

cubic  kilometer 

km3 

link 

li 

square  inch 

sq  in. 

cubic  meter 

m3 

liquid 

liq 

square  kilometer 

km2 

cubic  mile 

cu  mi 

liter 

liter 

square  link 

sq  li 

cubic  millimeter 

mm3 

meter 

m 

square  meter 

m2 

metric  ton 

sQUcirc  mile 

decigram 

dgyd 

micron 

square  millimeter 

mm2 

deciliter 

dl 

mile 

mi 

square  rod 

sq  rd 

decimeter 

dm 

milligram 

mg 

square  yard 

sq  yd 

decistere 

ds 

milliliter 

ml 

stere 

s 

dekagram 

dkg 

millimeter 

mm 

ton 

tn 

dekaliter 

dkl 

millimicron 

ton,  metric 

t 

dekameter 

dkm 

minim 

min  or  1U 

troy 

t 

dekastere 

dks 

ounce 

oz 

yard 

yd 

dram 

dr 

ounce,  apothecaries' 

oz  ap  or  3 
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VI.  TABLES  OF  INTERRELATION 

1.  UNITS  OF 


Units 

Inches 

Links 

Feet 

Yards 

Rods 

1  inch  = 

1 

0. 126  263 

0.  083  333  3 

0. 027  777  8 

0.  005  050  51 

llink 

7.92 

1 

0.66 

0.22 

0.04 

1  foot 

12 

1.515  152 

1 

0.  333  333 

0.  060  606  1 

1  yard  - 

36 

4.545  45 

3 

1» 

0.181  818 

1  rod 

198 

25 

16.5 

5.5 

1 

1  chain  = 

792 

100 

66 

22 

4 

1  mile  = 

63  360 

8000 

5280 

1760 

320 

1  centimeter = 

0.3937 

0. 049  709  60 

0. 032  808  33 

0.010  936  111 

0.  001  988  384 

1  meter  = 

39.37 

4. 970  960 

3.  280  833 

1.093  611  1 

0. 198  838  4 

2.  UNITS  OF 


Units 

Square  inches 

Square  links 

Square  feet 

Square  yards 

Square  rods 

Square  chains 

1  square  inch 

1 

0. 015  942  3 

0. 006  944  44 

0.000  771  605 

0.  000  025  507  6 

0. 000  001  594  23 

1  square  link 

62.7264 

1 

0.4356 

0.0484 

0.0016 

O.OOOl 

1  square  foot 

144 

2.295  684 

1 

0.111  111  1 

0.  003  673  09 

0.  000  229  568 

1  square  yard 

1296 

20. 6612 

9 

1 

0.033  057  85 

0.  002  066  12 

1  square  rod 

39  204 

625 

272.25 

30.25 

1 

0.0625 

1  square  chain 

627  264 

10  000 

4356 

484 

16 

1 

1  acre 

6  272  640 

100  000 

43  560 

4840 

160 

10 

1  square  mile 

4  014  489  600 

64  000  000 

27  878  400 

3  097  600 

102  400 

6400 

1  square  centimeter= 

0. 154  999  7 

0. 002  47J  04 

0. 001  076  387 

0. 000  119  598  5 

0. 000  003  953  67 

0.  000  000  247  104 

1  square  meter 

1549.9969 

24.  7104 

10. 763  87 

1. 195  985 

0. 039  536  7 

0. 002  471  04 

1  hectare 

15  499  969 

247  104 

107  638.  7 

11  959.85 

395. 367 

24.  7104 

3.  UNITS  OF 


Units 

Cubic  inches 

Cubic  feet 

Cubic  yards 

1  cubic  inch 

1 

0. 000  578  704 

0. 000  021  433  47 

1  cubic  foot  = 

1728 

0. 037  037  0 

1  cubic  yard  = 

46  656 

27 

1 

1  cubic  centimeter= 

0. 061  023  38 

0. 000  035  314  45 

0. 000  001  307  94 

1  cubic  decimeter  = 

61.023  38 

0. 035  314  45 

0. 001  307  943 

1  cubic  meter 

61  023.  38 

35.314  45 

1.307  942  8 

4.  UNITS  OF  CAPACITY 


Units 

Minims 

Fluid  drams 

Fluid  ounces 

Gills 

Liquid  pints 

1  minim  = 

1 

0. 016  666  7 

0. 002  083  33 

0. 000  520  833 

0. 000  130  208 

1  fluid  dram  = 

60 

1 

0.125 

0.031  25 

0.007  812  5 

1  fluid  ounce = 

480 

8 

1 

0.25 

0.0625 

1  gill 

1920 

32 

4 

1 

0.25 

1  liquid  pint  = 

7680 

128 

16 

4 

1 

1  liquid  quart= 

15  360 

256 

32 

8 

2 

1  gallon 

61  440 

1024 

128 

32 

8 

1  milliliter  = 

16.  2311 

0. 270  518 

0. 033  814  7 

0. 008  453  68 

0.002  113  42 

1  liter 

16  231.1 

270. 518 

33.8147 

8. 453  68 

2. 113  42 

1  cubic  inch  = 

265. 974 

4. 432  90 

0.  554  113 

0. 138  528 

0.  034  632  0 

1 
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OF  UNITS  OF  MEASUREMENT 

LENGTH 


Chains 

Miles 

Centimeters 

Meters 

Units 

0. 001  262  63 

0. 000  015  782  8 

2.540  005 

0. 025  400  05 

=  1  inch 

0.01 

ft  ftftft  1°5 

20. 116  84 

0. 201  168  4 

=  1  link 

0.015  151  5 

0. 000  189  393  9 

30. 480  06 

0. 304  800  6 

=  1  foot 

0. 045  454  5 

0. 000  568  182 

91.440  18 

0.914  401  8 

=  1  yard 

0.25 

0.003  12> 

502.9210 

5.029  210 

=  1  rod 

1 

0.0125 

2011.684 

20.116  84 

=  1  chain 

80 

1 

160  934.72 

1609.3472 

=  1  mile 

0. 000  497  096  0 

0.000  006  213  699 

1 

0.01 

=  1  centimeter 

0. 049  709  60 

0.  000  621  369  9 

100 

1 

=  1  meter 

AREA 


Acres 

Square  miles 

Square  centimeters 

Square  meters 

Hectares 

Units 

i    0.000  000  159  423 

0.  000  000  000  2  19  1 

6.451  626 

0.  000  645  162  6 

0 

000  000  064  516 

=  1  square  inch 

0.000  01 

0.000  000  015  621 

404. 6873 

0.  040  468  73 

0 

000  004  046  87 

=  1  square  link 

0. 000  022  956  8 

0.  000  000  035  870  1 

929.0341 

0. 092  903  41 

0 

000  009  290  34 

=  1  square  foot 

0. 000  206  612 

0.  000  000  322  831 

8361.307 

0.  836  130  7 

0 

000  083  613  1 

=  1  square  yard 

0.006  25 

0.000  009  765  625 

252  929.5 

25.292  95 

0 

002  529  295 

=  1  square  rod 

0.1 

0.000  156  25 

4  046  873 

404.  6873 

0 

040  468  7 

=  1  square  chain 

1 

0.001  562  5 

40  468  726 

4046. 873 

0 

404  687 

=  1  acre 

610 

1 

25  899  984  703 

2  589  998 

258 

9998 

=  1  square  mile 

0.000  000  024  710  4 

0. 000  000  000  038  610  06 

1 

0.0001 

0 

000  000  01 

=  1  square  centimeter 

0.  000  247  104 

0. 000  000  386  100  6 

10  000 

1 

0.0001 

=  1  square  meter 

2.471  04 

0.  003  861  006 

100  000  000 

10  000 

1 

=  1  hectare 

VOLUME 


Cubic  centimeters 

Cubic  decimeters 

Cubic  meters 

Units 

16.  387  162 

0.016  387  16 

0.  000  016  387  16 

=  1  cubic  inch 

28  317.016 

28.317  016 

0.  028  317  016 

=  1  cubic  foot 

764  559.4 

764.5594 

0.  764  559  4 

=  1  cubic  yard 

1 

0.001 

0.000  001 

=  1  cubic  centimeter 

1  000 

1 

0.001 

=  1  cubic  decimeter 

1  000  000 

1000 

1 

=  1  cubic  meter 

LIQUID  MEASURE 


Liquid  quarts 

Gallons 

Milliliters 

Liters 

Cubic  inches 

Units 

0. 000  065  104 

0 

000  016  276 

0.  061  610  2 

0. 000  061  610  2 

0.  003  759  77 

=  1  minim 

0.003  906  25 

0 

000  976  562 

3.  696  61 

0. 003  696  61 

0.  225  586 

=  1  fluid  dram 

0.031  25 

0 

007  812  5 

29. 5729 

0.  029  572  9 

1.804  69 

=  1  fluid  ounce 

0.125 

0 

031  25 

118.292 

0.118  292 

7-218  75 

=  1  gill 

0.5 

0 

125 

473. 167 

0. 473  167 

28.875 

=  1  liquid  pint 

1 

0 

25 

946.  333 

0.946  333 

57.75 

=  1  liquid  quart 

1 

1 

3785.  332 

3.  785  332 

231 

=  1  gallon 

0.001  056  71 

0 

000  264  178 

1 

0.001 

0.061  025  0 

=  1  milliliter 

1.056  71 

0 

264  178 

1000 

1 

61.0250 

=  1  liter 

0. 017  316  0 

0 

004  329  03 

16.  3867 

0. 016  386  7 

1 

=  1  cubic  inch 
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5.  UNITS  OF  CAPACITY 




Units 

Dry  pints 

Dry  quarts 

Pecks 

Bushels 

1  dry  pint  = 

1 

0.5 

0.0625 

0.016  625 

1  dry  quart  = 

2 

1 

0.125 

0.031  25 

1  peck 

16 

8 

1 

0.25 

1  bushel  = 

61 

32 

4 

1 

1  liter  = 

1.816  20 

0. 908  102 

0.113  513 

0.028  378 

1  dekaliter  = 

18. 1620 

9.081  02 

1.135  13 

0.  283  78 

1  cubic  inch= 

0. 029  761  6 

0.014  880  8 

0.001  860  10 

0. 000  465  025 

6.  UNITS  OF  MASS  LESS 


Units  * 

Grains 

Apothecaries' 
scruples 

Pennyweights 

Avoirdupois 
drams 

Apothecaries' 
drams 

Avoirdupois 
ounces 

1  grain  = 

1 

0.05 

0. 041  666  67 

0.  036  571  43 

0.016  666  7 

0.  002  285  71 

1  apoth.  scruple  = 

20 

1 

0. 833  333  3 

0.731  428  6 

0.  333  333 

0.045  714  3 

1  pennyweight  = 

21 

1.2 

1 

0. 877  714  3 

O.l 

0. 054  857  1 

1  avoir,  dram  = 

27.313  75 

1.367  187  5 

1. 139  323 

1 

0.455  729  2 

0.0625 

1  apoth.  dram  = 

60 

3 

2.5 

2. 194  286 

1  S 

0. 137  142  9 

1  avoir,  ounce  = 

137.5 

21.875 

18.  229  17 

16 

7.291  66 

1 

1  apoth.  or  troy  ounce= 

180 

21 

20 

17.  554  28 

8 

1.097  142  9 

1  apoth.  or  troy  pound= 

5760 

288 

210 

210. 6514 

96 

13.165  714 

1  avoir,  pound  = 

7000 

350 

291.  6667 

256 

116.6667 

16 

1  milligram  = 

0.015  432  356 

0. 000  771  618 

0. 000  643  014  I 

{ 

0. 000  564  383  3 

0. 000  257  205  9 

0. 000  035  273  96 

1  gram  = 

15.432  356 

0.  771  618 

0.  643  014  85 

0.  564  383  3 

0.257  205  9 

0. 035  273  96 

1  kilogram  = 

15  432.356 

•771.6178 

643. 014  85 

564. 383  32 

257.205  94 

35.  273  96 

7.  UNITS  OF  MASS 


Units 

Avoirdupois 
ounces 

Avoirdupois 
pounds 

Short  hundred- 
weights 

Short  tons 

1  avoirdupois  ounce  = 

1 

0.0625 

0.000  625 

0.000  03125 

1  avoirdupois  pound  = 

16 

1 

0.01 

0.0005 

1  short  hundredweight  = 

1600 

100 

1 

0.05 

1  short  ton  = 

32  OOO 

2000 

20 

1 

1  long  ton  = 

35  810 

2210 

22.1 

1.12 

1  kilogram  = 

35.273  957 

2.  204  622  34 

0. 022  046  223 

0.001  102  311  2 

1  metric  ton  = 

35  273.957 

2204. 622  34 

22. 046  223 

1.102  311  2 

*  '  Avoir,"  is  now  abbreviated  "avdp". 
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DRY  MEASURE 


Liters 

Dekaliters 

Cubic  inches 

Units 

;  

0.  550  599 

0. 055  060 

33.600  312  5 

=  1  dry  pint 

1. 101  198 

0. 110  120 

67.200  625 

=  1  dry  Quart 

8. 809  58 

0.  880  958 

537.605 

=  1  peck 

35.  2383 

3. 523  83 

2150.42 

=  1  bushel 

1 

0.1 

61.0250 

=  1  liter 

10 

1 

610.  250 

=  1  dekaliter 

0.016  386  7 

0.001  638  67 

1 

=  1  cubic  inch 

THAN  POUNDS  AND  KILOGRAMS 


Apothecaries'  or 
troy  ounces 

Apothecaries'  or 
troy  pounds 

Avoirdupois 
pounds 

Milligrams 

Grams 

Kilograms 

Units 

0.002  083  33 

0.000  173  611  1 

0. 000  142  857  1 

64.  798  918 

0. 064  798  918 

0. 000  064  798  9 

=  1  grain 

0.041  666  7 

0. 003  472  222 

0. 002  857  143 

1295. 9784 

1.295  978  4 

0. 001  295  978 

=  1  apoth.  scruple 

0.05 

0. 004  166  667 

0. 003  428  571 

1555.1740 

1.555  174  0 

0.  001  555  174 

=  1  pennyweight 

0.  056  966  146 

0.004  747  178  8 

0.003  906  25 

1771.8454 

1.771  845  4 

0.  001  771  845 

=  1  avoir,  dram 

0.125 

0.010  416  667 

0. 008  571  429 

3887. 9351 

3.  887  935  1 

0. 003  887  935 

=  1  apoth.  dram 

0.911  458  3 

0. 075  954  861 

0.0625 

28  349. 527 

28.349  527 

0. 028  349  53 

=  1  avoir,  ounce 

1 

0.  083  333  33 

0.  068  571  43 

31  103.481 

31.103  481 

0. 031  103  48 

=  1  apoth.  or  troy  ounce 

12 

1 

0.  822  857  1 

373  241.  77 

373. 241  77 

0. 373  241  77 

=  1  apoth.  or  troy  pound 

14. 583  333 

1.215  277  8 

1 

153  592.4277 

453.592  4277 

0.453  592  427  7 

=  1  avoir,  pound 

0.000  032  150  74 

0. 000  002  679  23 

0. 000  002  204  62 

1 

O.OOl 

0.000  OOl 

=  1  milligram 

0. 032  150  74 

0.002  679  23 

0. 002  204  62 

1000 

1 

O.OOl 

=  1  gram 

32.150  742 

2.679  228  5 

2.  204  622  341 

1  OOO  000 

lOOO 

1 

=  1  kilogram 

GREATER  THAN  AVOIRDUPOIS  OUNCES 


Long  tons 

Kilograms 

Metric  tons 

Units 

0.000  027  901  79 

0. 028  349  53 

0. 000  028  349  53 

=  1  avoirdupois  ounce 

0. 000  446  428  6 

0.453  592  427  7 

0. 000  453  592  43 

=  1  avoirdupois  pound 

0.04*  642  86 

45. 359  243 

0. 045  359  243 

=  1  short  hundredweight 

0. 892  857  1 

907. 184  86 

0. 907  184  86 

=  1  short  ton 

1 

1016. 047  04 

1.016  047  04 

=  1  long  ton 

0. 000  984  206  4 

1 

O.OOl 

=  1  kilogram 

0. 984  206  40 

lOOO 

1 

=  1  metric  ton 
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VII.  COMPARISON  OF  METRIC  AND  CUSTOMARY  UNITS  FROM  1  TO  9 


1.  LENGTH 


Inches 
(in.) 

Milli- 
meters 
(mm) 

Feet 
(ft) 

Meters 
(m) 

Yards 

(yd) 

Meters 
(m) 

Rods 
(rd) 

Meters 
(m) 

U.S.  miles  Kilometers 
(mi)  (km) 

=  25. 4001 

\ 

=  0 

304  801 

=  0 

914  402 

1 

=  5 

029  21 

1  =  1 

finn  oi7 

ouy  o't/ 

2 

=  50^8001 

2 

=  0 

609  601 

2 

=  1 

828  804 

2 

=  10 

058  42 

2=  3 

218  694 

3 

=  76.2002 

3 

=  0 

914  402 

3 

=  2 

743  205 

3 

=  15 

087  63 

3=  4 

828  042 

4 

=  101.  6002 

4 

=  1. 

219  202 

4 

=3 

657  607 

4 

=  20 

116  84 

4=  6 

437  389 

5 

=  127.  0UU3 

5 

=  1 

524  003 

5 

=  4 

C  1  O  HAH 

572  009 

5 

=  25 

146  05 

5=  8 

046  736 

6 

=  152.4003 

6 

=1. 

828  804 

6 

=  5 

486  411 

6 

=  30 

175  26 

6=  9 

656  083 

7 

=  177.  8004 

7 

—  2 . 

133  604 

7 

=  6 

400  813 

=  35 

204  47 

7  =  11 

265  431 

8 

=  203!  2004 

8 

=  2' 

438  405 

8 

=  7 

315  215 

8 

=  40.  233  68 

8  =  12 

874  778 

9 

=  228.  6005 

9 

=  2. 

743  205 

9 

=  8 

229  616 

9 

=  45 

262  89 

9  =  14 

484  125 

0.039  37 

=  1 

3 

280  83 

=  1 

1 

093  611 

=  1 

0 

198  838 

=  1 

0. 

621  370  =  1 

0.078  74 

=  2 

6 

561  67 

=  2 

2 

187  222 

=2 

0 

397  677 

=  2 

1. 

242  740=2 

0. 118  11 

=  3 

9 

842  50 

=3 

3 

280  833 

=3 

0 

596  515 

=  3 

1. 

864  110=3 

0. 157  48 

=  4 

13 

123  33 

=4 

4 

374  444 

=4 

0 

795  354 

=  4 

2. 

485  480=4 

0. 196  85 

=  5 

16 

404  17 

=  5 

5 

468  056 

=5 

0 

994  192 

=5 

3. 

106  850=5 

0. 236  22 

=  6 

19 

685  00 

=6 

6 

561  667 

=6 

1 

193  030 

=6 

3. 

728  220=6 

0. 275  59 

=  7 

22 

965  83 

=  7 

7 

655  278 

1 

391  869 

=  7 

4. 

349  590  =  7 

0.314  96 

=  8 

26 

246  67 

=8 

8 

748  889 

=8 

1 

590  707 

=8 

4. 

970  960  =  8 

0.354  33 

=  9 

29 

527  50 

=9 

9 

842  500 

=9 

1 

789  545 

=  9 

5. 

592  330=9 

2.  AREA 


Square  Square 
inches  centimeters 
(sq  in.)  (cm2) 

Square 

feet 
(sq  ft) 

Square 
meters 
(m2) 

Square  Square 
yards  meters 
(sq  yd)  (mi) 

Acres  Hectares 
(acre)  (ha) 

Square  Square 

miles  kilometers 
(sq  mi)  (km2) 

1=  6.452 

1  =  0. 

092  90 

1=0.  8361 

1  =  0. 

4047 

1=  2.5900 

2  =  12.  903 

2  =  0. 

185  81 

2  =  1.  6723 

2  =  0. 

8094 

2=  5.  1800 

3  =  19.355 

3  =  0. 

278  71 

3  =  2.  5084 

3  =  1. 

2141 

3=  7.7700 

4  =  25.807 

4  =  0. 

371  61 

4  =  3.3445 

4  =  1. 

6187 

4  =  10.3600 

5=32.  258 

5  =  0. 

464  52 

5  =  4.  1807 

5  =  2. 

0234 

5  =  12.9500 

6=38.  710 

6  =  0. 

557  42 

6  =  5.  0168 

6  =  2. 

4281 

6  =  15.  5400 

7=45.  161 

7=0. 

650  32 

7  =  5.8529 

7  =  2. 

8328 

7  =  18.  1300 

8  =  51.  613 

8=0. 

743  23 

8  =  6.  6890 

8=3. 

2375 

8  =  20.  7200 

9  =  58.065 

9  =  0. 

836  13 

9  =  7.5252 

9=3. 

6422 

9  =  23.3100 

0. 155  00=1 

10.764=1 

1.  1960  =  1 

2 

471=1 

0.3861=1 

0.310  00=2 

21.528  =  2 

2.3920  =  2 

4 

942=2 

0.  7722  =  2 

0.465  00  =  3 

32.  292  =  3 

3.  5880  =  3 

7 

413=3 

1.  1583  =  3 

0.620  00  =  4 

43.055=4 

4.  7839=4 

9 

884  =  4 

1.5444=4 

0.775  00=5 

53.819  =  5 

5.9799=5 

12 

355=5 

1.9305=5 

0.930  00=6 

64.583=6 

7.  1759=6 

14 

826  =  6 

2.3166  =  6 

1.085  00  =  7 

75.347  =  7 

8.3719  =  7 

17 

297  =  7 

2.  7027  =  7 

1.240  00=8 

86.  111=8 

9.5679=8 

19 

768=8 

3.0888=8 

1.395  00=9 

96.875=9 

10.  7639  =  9 

22 

239  =  9 

3.4749  =  9 

3.  VOLUME 


Cubic  Cubic 
inches  centimeters 
(cu  in.)  (cm3) 

Cubic 
feet 
(cu  ft) 

Cubic 
meters 
(m3) 

Cubic 
yards 
(cu  yd) 

Cubic 
meters 
(m3) 

Cubic 
inches 
(cu  in.) 

Liters 
(liter) 

Cfu^c  Liters 
(cu%  ^ 

1=  16.3872 

1 

=  0. 

028  317 

1 

=  0.  7646 

1 

=  0 

016  386  7 

1=  28.316 

2=  32.7743 

2 

=  0. 

056  634 

2 

=  1.  5291 

2 

=  0 

032  773  4 

2=  56.633 

3=  49.  1615 

3 

=  0. 

084  951 

3 

=  2.  2937 

3 

=  0 

049  160  2 

3=  84.949 

4=  65.5486 

4 

=0. 

113  268 

4 

=3.0582 

4 

=0. 

065  546  9 

4  =  113.  265 

5=  81.9358 

5 

=0. 

141  585 

5 

=3.8228 

5 

=0. 

081  933  6 

5  =  141.581 

6=  98.3230 

6 

=  0. 

169  902 

6 

=  4.  5874 

6 

=  0 

098  320  3 

6  =  169.898 

7  =  114.  7101 

7 

=  0. 

198  219 

7 

=  5.3519 

7 

=0. 

114  707  0 

7  =  198.214 

8  =  131.0973 

8 

=  0, 

226  536 

8 

=  6.  1165 

8 

=0. 

131  093  8 

8  =  226.  530 

9  =  147.4845 

9 

=  0, 

254  853 

9 

=  6.8810 

9 

=0. 

147  480  5 

9=254.846 

0.061 

02=1 

35.314 

=1 

1.3079 

=1 

61.025 

=1 

0. 

035  315=1 

0.  122 

05  =  2 

70.629 

=  2 

2.6159 

=  2 

122.050 

=2 

0. 

070  631=2 

0.  183 

07  =  3 

105.943 

=  3 

3.9238 

=  3 

183.075 

=  3 

0. 

105  946  =  3 

0.244 

09=4 

141.258 

=4 

5.2318 

=4 

244. 100 

=  4 

0. 

141  262=4 

0.305 

12=5 

176.572 

=  5 

6.5397 

=5 

305. 125 

=5 

0. 

176  577=5 

0.366 

14  =  6 

211.887 

=  6 

7.8477 

=  6 

366. 150 

=  6 

0. 

211  892=6 

0.427 

16  =  7 

247. 201 

=  7 

9. 1556 

=  7 

427. 175 

=  7 

0. 

247  208  =  7 

0.488 

19  =  8 

282. 516 

=  8 

10.4635 

=8 

488. 200 

=  8 

0. 

282  523=8 

0.549 

21  =  9 

317. 830 

=  9 

11.7715 

=9 

549. 225 

=  9 

0 

317  839=9 
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4.  CAPACITY— LIQUID  MEASURE 


U.  S.  fluid 
drams 
(fl  dr) 

Milliliters 
(ml) 

U.  S.  fluid 
ounces 
(fl  oz) 

Milliliters 
(ml) 

U.S.  liquid 
pint3 
(pt) 

Liters 
(liter) 

U.  S.  liquid 
quarts 
(qt) 

Liters 
(liter) 

u.  s. 

gallons 
(gal) 

Liters 
(liter) 

1 

_  ^  6966 

1 

=  29  573 

X =0 

473  17 

1=0. 

946  33 

=  3 

785  33 

2 

=  7^3932 

2 

=  59ll46 

2  =  o! 

946  33 

2  =  1. 

892  67 

2 

=  7 

570  66 

3 

=  11.  0898 

3 

=  88.719 

3  =  1. 

419  50 

3  =  2. 

839  00 

3 

=  11 

3cfi  Oft 

4 

—  It.  / OOO 

=  118  292 

A   1 

SJQO  fi7 

4=3." 

785  33 

A 

=  15 

141  33 

jr 
O 

=  18  4831 

=  147  865 

O  —  Z 

ODD  OO 

5=4. 

73 1  67 

=  18 

926  66 

6 

=  22!  1797 

6 

=  177'.  437 

6  =  2 

839  00 

6  =  5. 

678  00 

6 

=  22 

711  99 

7 

=  25.8763 

7 

=  207.010 

7=3 

312  17 

7  =  6. 

624  33 

7 

=  26 

497  33 

Q 

o 

=  29  5729 

9 

—  ZOO .  JOJ 

0  —  0 

785  33 

8  =  7. 

C7f» 

D  1  U  OO 

Q 
O 

=30 

282  66 

a 

 OO  OCQC 

— oj . zuyo 

=  266  156 

9=4 

258  50 

9=8. 

CI  7  nn 

Q 

=34 

067  99 

U  .  1  1  U  OZ 

=  1 

U . Uoo  ol j 

—  1 

2  1134  =  1 

1 

056  71  =  1 

U.  iCf  10 

=  1 

0. 541  04 

=2 

0.067  629 

=2 

4!  2268  =  2 

2 

113  42=2 

0.528  36 

=2 

0  811  55 

=3 

0.  101  444 

=3 

6.3403=3 

3 

170  13=3 

0  792  53 

=  3 

L082  07 

=  4 

0. 135  259 

=  4 

8.4537=4 

4 

226  84  =  4 

1.056  71 

=  4 

1.352  59 

=5 

0. 169  074 

=5 

10.5671=5 

5 

283  55  =  5 

1.320  89 

=  5 

1.623  11 

=6 

0.202  888 

=6 

12.6805=6 

6 

340  26=6 

1.585  07 

=6 

1.893  63 

=  7 

0. 236  703 

14.  7939  =  7 

7 

396  97  =  7 

1.849  24 

=  7 

2. 164  14 

=8 

0.  270  518 

=8 

16.9074=8 

8 

453  68=8 

2. 113  42 

=8 

2.434  66 

=9 

0.304  333 

=  9 

19.0208=9 

9 

510  39  =  9 

2.377  60 

=  9 

5.  CAPACITY— DRY  MEASURE 


u.  s. 

dry- 
quarts 
(qt) 

Liters 
(liter) 

(pk)  (liter) 

pecks  ^kaliters 
(pk)  (dkl) 

U.  S.  Hecto- 
bushels  liters 

(bu)  (hi) 

U.  S.  Hecto- 
bushels     liters  per 
per  acre  hectare 

1  =  1. 

1012 

1=  8.810 

1=0.8810 

1  =  0.352  38 

1=0. 

8708 

2  =  2. 

2024 

2  =  17.619 

2  =  1.  7619 

2=0.  704  77 

2  =  1. 

7415 

3=3. 

3036 

3  =  26.429 

3  =  2.6429 

3  =  1.057  15 

3  =  2. 

6123 

4=4. 

4048 

4=35.  238 

4=3.  5238 

4  =  1.409  53 

4  =  3. 

4830 

5  =  5. 

5060 

5=44.048 

5=4.4048 

5  =  1.  761  92 

5  =  4. 

3538 

6  =  6. 

6072 

6  =  52.857 

6  =  5.2857 

6=2.  114  30 

6  =  5. 

2245 

7  =  7. 

7084 

7  =  61.667 

7  =  6.  1667 

7  =  2.466  68 

7=6. 

0953 

8=8. 

8096 

8  =  70.477 

8  =  7.0477 

8  =  2.819  07 

8  =  6. 

9660 

9  =  9. 

9108 

9  =  79.  286 

9  =  7.9286 

9=3.  171  45 

9=7. 

8368 

0.9081  =  1 

0.  113  51  =  1 

1.  1351=1 

2.8378  =  1 

1. 1484  =  1 

1.8162=2 

0.  227  03=2 

2.2703  =  2 

5.6756=2 

2.  2969  =  2 

2  .  7243  =  3 

0.  340  54=3 

3.4054=3 

8.  5135=3 

3.4453=3 

3.6324=4 

0.454  05=4 

4.5405=4 

11.3513=4 

4.5937=4 

4.5405=5 

0.567  56=5 

5.6756=5 

14.  1891=5 

5.7421  =  5 

5.4486=6 

0.681  08=6 

6.8108=6 

17.0269=6 

6.8906=6 

6.3567  =  7 

0.  794  59  =  7 

7.9459  =  7 

19.8647  =  7 

8.0390  =  7 

7.2648=8 

0.908  10=8 

9.0810=8 

22.  7026=8 

9.  1874=8 

8. 1729  =  9 

1.  021  61=9 

10.  2161=9 

25.  5404=9 

10.3359  =  9 

6.  MASS 


Grains 
(grain) 


Grams 

(g) 


1  =  0.064  799 
2=0.  129  598 
3  =  0.  194  397 
4=0.259  196 

5=0.323  995 
6  =  0.388  794 
7=0.453  592 

8  =  0.  518  391 

9  =  0.  583  190 


15.4324=1 
30.8647=2 
46.  2971=3 
61.  7294=4 

77.  1618=5 
92.5941=6 
108.0265=7 
123.4589=8 
138.8912=9 


Apothe- 
caries' 
drams 
(dr  ap  or  5  ) 


Grams 
(g) 


1.286  03  = 
1.543  24= 
1.800  44= 
2.057  65  = 
2.314  85  = 


=  3.8879 
=  7.7759 
=11.6638 
=15.5517 

=19.4397 
=23.3276 
=27. 2155 
=31.  1035 
=34.9914 


0.  257  21=1 
0.514  41=2 
0.  771  62=3 
1.028  82=4 


Troy 
ounces 

(oz  t) 


Grams 
(g) 


1  = 

2  = 

3  = 

4  = 

5  = 

6  = 

7  = 

8  = 

9  = 

0.032  151= 
0.064  301  = 
0.096  452= 
0. 128  603= 

0. 160  754= 
0. 192  904= 
0. 225  055= 
0. 257  206= 
0.289  357= 


=  31.103 

=  62.207 
=  93.310 
=124.414 

=155.517 
=186.621 
=217. 724 
=248.828 
=279.931 

=1 
=2 
=3 
=4 


Avoirdu- 
pois 
ounces 
(oz  avdp) 


Grams 
(g) 


1  = 

2  = 

3  = 

4  = 

5  = 

6  = 

7  = 

8  = 

9  = 

0.035  274= 
0.070  548= 
0. 105  822= 
0. 141  096= 


28.350 
'  56.699 

85.049 
113.398 

141. 748 
170.097 
198.447 
225. 796 
255. 146 

1 

=2 
3 
4 


0.  176  370=5 
0.  211  644=6 
0.246  918  =  7 
0.282  192  =  8 
0.317  466  =  9 


AVrS?U"  Kilo- 
pois 

pounds  Srams 

(lb  avdp)  (kg) 


2. 204  62= 
4.409  24= 
6.613  87= 
8.818  49= 

11.023  11= 
13.227  73= 
15.432  36= 
17.636  98= 
19.841  60= 


22698°— 36  3 
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7.  COMPARISON  OF  THE  VARIOUS  TONS  AND  POUNDS  IN  USE  IN  THE 
UNITED  STATES  (FROM  1  TO  9  UNITS) 


Troy  pounds 

Avoirdupois  pounds 

Kilograms 

Short  tons 

Long  tons 

Metric  tons 

1 

0. 822  857 

0. 373  24 

0.000  411  43 

0.  000  367  35 

0. 000  373  24 

2 

1. 645  71 

0.  746  48 

0.  000  822  86 

0. 000  734  69 

0. 000  746  48 

3 

2.468  57 

1. 119  73 

0.001  234  29 

0.  001  102  04 

0.  001  119  73 

3. 291  43 

1. 492  97 

0.001  645  71 

0. 001  469  39 

0. 001  492  97 

5 

4. 114  29 

1.866  21 

0.  002  057  14 

0.  001  836  73 

0.  001  866  21 

6 

4. 937  14 

2. 239  45 

0.  002  468  57 

0.  002  204  08 

0.  002  239  45 

7 

5. 760  00 

2.612  69 

0.  002  880  00 

0. 002  571  43 

0. 002  612  69 

8 

6. 582  86 

2. 985  93 

0.  003  291  43 

0.  002  938  78 

0.  002  985  93 

9 

7  405  71 

3. 359  18 

0.  003  702  86 

0. 003  306  12 

0. 003  359  18 

1.215  28 

1 

0. 453  59 

0.  0005 

0. 000  446  43 

0.  000  453  59 

2. 430  56 

2 

0. 907  18 

0.0010 

0. 000  892  86 

0.  000  907  18 

3.  645  83 

3 

1. 360  78 

0.  0015 

0. 001  339  29 

0.  001  360  78 

4.861  11 

4 

1.814  37 

0. 0020 

0.001  785  71 

0.001  814  37 

6. 076  39 

5 

2. 267  96 

0.  0025 

0.002  232  14 

0. 002  267  96 

7.  291  67 

6 

2.  721  55 

0.  0030 

0. 002  678  57 

0.  002  721  55 

8. 506  94 

7 

3.175  15 

0.  0035 

0.003  125  00 

0. 003  175  15 

9.722  22 

8 

3. 628  74 

0.0040 

0. 003  571  43 

0. 003  628  74 

10. 937  50 

9 

4. 082  33 

0.  0045 

0.004  017  86 

0. 004  082  33 

2.679  23 

2. 204  62 

1 

0. 001  102  31 

0.000  984  21 

0.  001 

5. 358  46 

4. 409  24 

2 

0.  002  204  62 

0.001  968  41 

0.002 

8.  037  69 

6. 613  87 

3 

0. 003  306  93 

0. 002  952  62 

0. 003 

10.716  91 

8.818  49 

0.  004  409  24 

0.  003  936  83 

0.004 

13. 396  14 

11.023  11 

5 

0.005  511  56 

0.004  921  03 

0.005 

16.075  37 

13.227  73 

6 

0. 006  613  87 

0. 005  905  24 

0.006 

18. 754  60 

15.432  36 

7 

0.007  716  18 

0.  006  889  44 

0.007 

21.433  83 

17.  636  98 

8 

0.  008  818  49 

0.  007  873  65 

0. 008 

24.113  06 

19. 841  60 

9 

0.  009  920  80 

0.008  857  86 

0.009 

2430. 56 

2000 

907. 18 

1 

0.892  86 

0.907  18 

4861.11 

4000 

1814.  37 

2 

1.  785  71 

1.814  37 

7291.  67 

6000 

2721.55 

3 

2.  678  57 

2.  721  55 

9722.  22 

8000 

3628.  74 

3!  571  43 

3!  628  74 

12  152. 78 

10  000 

4535.  92 

5 

4. 464  29 

4.  535  92 

14  583. 33 

12  000 

5443. 11 

6 

5. 357  14 

5.443  11 

17  013.  89 

14  000 

6350. 29 

7 

6.  250  00 

6. 350  29 

19  444. 44 

16  000 

7257.48 

8 

7. 142  86 

7. 257  48 

21  875. 00 

18  000 

8164.  66 

9 

8. 035  71 

8. 164  66 

2722. 22 

2240 

1016.05 

1.12 

1 

1.016  05 

5444.44 

4480 

2032.  09 

2.24 

2 

2.032  09 

8166. 67 

6720 

3048. 14 

3.  36 

0 

3. 048  14 

10  888.'  89 

8960 

4064! 19 

4^48 

4^064  19 

13  611.11 

11  200 

5080.  24 

5.60 

5 

5. 080  24 

16  333. 33 

13  440 

6096. 28 

6.72 

6 

6. 096  28 

19  055. 56 

15  680 

7112.32 

7.84 

7 

7. 112  32 

21  777.  78 

17  920 

8128.  38 

8.96 

8 

8. 128  38 

24  500. 00 

20  160 

9144.  42 

10.  08 

9 

9. 144  42 

2679. 23 

2204.  62 

1000 

1. 102  31 

0. 984  21 

1 

5358. 46 

4409. 24 

2000 

2. 204  62 

1.968  41 

2 

8037.  69 

6613. 87 

3000 

3.306  93 

2. 952  62 

3 

10  716. 91 

8818. 49 

4000 

4.409  24 

3. 936  83 

13  396. 14 

11  023.11 

5000 

5.511  56 

4.921  03 

0 

16  075. 37 

13  227.  73 

6000 

6. 613  87 

5. 905  24 

6 

18  754.  60 

15  432.  36 

7000 

7.  716  18 

6.  889  44 

7 

21  433. 83 

17  636.  98 

8000 

8. 818  49 

7. 873  65 

8 

24  113. 06 

19  841. 60 

9000 

9.920  80 

8. 857  86 

9 
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VIII.  SPECIAL  TABLES 

LENGTH— INCHES  AND  MILLIMETERS— EQUIVALENTS  OF  DECIMAL 
AND  BINARY  FRACTIONS  OF  AN  INCH  IN  MILLIMETERS 


From  1/64  to  1  Inch 


8ths 

16ths 

32ds 

64ths 

Milli- 
meters 

Decimals 
of 
an  inch 

Inch 

8ths 

16ths 

32ds 

64ths 

Milli- 
meters 

Decimals 

of 
an  inch 

1 

=  0. 397 

OO 

= 13  097 

a  eircoir 

U.  31  JUL  J 

1 

2 

=  .794 

.03125 

17 

34 

=  13. 494 

.  53125 

3 

=  1.191 

. 046875 

35 

=  13.891 

. 546875 

1 

2 

4 

-  1.588 

.0625 

9 

18 

36 

=  14.  288 

.5625 

5 

=  i.yo'r 

A701  ">C 

in 

= 14  684 

. 578125 

3 

6 

=  2.381 

. 09375 

19 

38 

=  15.081 

'.  59375 

7 

=  2.778 

. 109375 

39 

=  15.478 

.  609375 

1 

2 

4 

8 

=  3.175 

.1250 

5 

10 

20 

40 

=  15. 875 

.625 

y 

—  O.D1C 

41 

=  16.  272 

5 

10 

=  3.969 

. 15625 

21 

42 

=  16. 669 

.  65625 

11 

=  4.366 

. 171875 

43 

=  17.066 

.  671875 

3 

6 

12 

=  4.763 

.1875 

11 

22 

44 

=  17.463 

.6875 

1  3 

  e  i  en 

—  j.  loy 

to 

_  yj  859 

. 703125 

7 

4 

=  5.556 

.  21875 

23 

46 

=  is!  256 

!  71875 

15 

=  5.953 

. 234375 

47 

=  18.653 

.  734375 

1 

2 

4 

8 

16 

=  6.350 

.2500 

3 

6 

12 

24 

48 

=  19.050 

.75 

1  7 
1  / 

—   O.  It/ 

. -0D0.O 

49 

= 19  447 

765625 

9 

18 

=  7.144 

.28125 

25 

50 

=  19!  844 

! 78125 

19 

=  7.541 

. 296875 

51 

=  20.  241 

.  796875 

5 

10 

20 

=  7.938 

.3125 

13 

26 

52 

=  20.638 

.8125 

21 

=  8.334 

.328125 

53 

=  21.034 

. 828125 

11 

22 

=  8.731 

. 34375 

27 

54 

=  21.431 

.  84375 

23 

=  9.128 

. 359375 

55 

=  21.828 

.  859375 

3 

6 

12 

24 

=  9.525 

.3750 

7 

14 

28 

56 

=  22.225 

.875 

25 

=  9.922 

. 390625 

57 

=  22.622 

.  890625 

13 

26 

=  10.319 

. 40625 

29 

58 

=  23.019 

.90625 

27 

=  10.716 

. 421875 

59 

=  23.416 

. 921875 

7 

14 

28 

=  11.113 

.4375 

15 

30 

60 

=  23.813 

.9375 

29 

=  11.509 

.453125 

61 

=  24.  209 

. 953125 

15 

30 

=  11.906 

.46875 

31 

62 

=  24.606 

. 96875 

31 

=  12.303 

. 484375 

63 

=  25. 003 

.  984375 

l 

2 

4 

8 

16 

32 

=  12.700 

.5 

1 

2 

4 

8 

16 

32 

64 

=  25.400 

1.000 

LENGTH— HUNDREDTHS  OF  AN  INCH  TO  MILLIMETERS 
From  1  to  99  Hundredths 


Hun- 
dredths of 
an  inch 

0 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.254 

0.508 

0.  762 

1.016 

1.270 

1.524 

1.778 

2.  032 

2.286 

10 

2.540 

2.794 

3.048 

3.302 

3.556 

3.810 

4.064 

4.318 

4.  572 

4.826 

20 

5.080 

5.334 

5.588 

5.842 

6.  096 

6. 350 

6.  604 

6. 858 

7.112 

7. 366 

30 

7.  620 

7.874 

8.128 

8.382 

8.636 

8.890 

9.144 

9.398 

9.652 

9. 906 

40 

10.160 

10.414 

10.  668 

10. 922 

11. 176 

11. 430 

11.684 

11.938 

12. 192 

12.446 

50 

12.  700 

12.954 

13.  208 

13.462 

13.716 

13.970 

14.  224 

14.478 

14. 732 

14. 986 

60 

15.  240 

15. 494 

15.  748 

16.  002 

16.  256 

16.510 

16.  764 

17. 018 

17.272 

17. 526 

70 

17.  780 

18.  034 

18.  288 

18.  542 

18.  796 

19.  050 

19. 304 

19. 558 

19.812 

20. 066 

80 

20.  320 

20.  574 

20.  828 

21.  082 

21.  336 

21.590 

21. 844 

22.  098 

22. 352 

22.  606 

90 

22.  860 

23.114 

23.  368 

23.  622 

23.876 

24. 130 

24. 384 

24.  638 

24.  892 

25. 146 

LENGTH— MILLIMETERS  TO  DECIMALS  OF  AN  INCH 
From  1  to  99  Units 


Milli- 
meters 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.  03937 

0. 07874 

0.11811 

0. 15748 

0. 19685 

0. 23622 

0. 27559 

0. 31496 

0.  35433 

10 

0 

39370 

. 43307 

. 47244 

.51181 

.55118 

. 59055 

. 62992 

. 66929 

.  70866 

.  74803 

20 

78740 

. 82677 

.86614 

.90551 

. 94488 

. 98425 

1.02362 

1. 06299 

1. 10236 

1. 14173 

30 

1 

18110 

1.  22047 

1. 25984 

1. 29921 

1.33858 

1.37795 

1.41732 

1. 45669 

1.49606 

1. 53543 

40 

1 

57480 

1.61417 

1.  65354 

1. 69291 

1.73228 

1. 77165 

1.81102 

1.  85039 

1. 88976 

1.92913 

50 

1 

96850 

2. 00787 

2. 04724 

2. 08661 

2. 12598 

2. 16535 

2.  20472 

2. 24409 

2. 28346 

2. 32283 

60 

2 

36220 

2. 40157 

2. 44094 

2.  48031 

2.51968 

2. 55905 

2.  59842 

2. 63779 

2.67716 

2.  71653 

70 

2 

75590 

2.  79527 

2. 83464 

2.  87401 

2.91338 

2. 95275 

2.99212 

3.03149 

3. 07086 

3. 11023 

80 

3 

14960 

3. 18897 

3.  22834 

3.  26771 

3. 30708 

3. 34645 

3. 38582 

3.42519 

3. 46456 

3.  50393 

90 

3 

54330 

3.58267 

3. 62204 

3.  66141 

3. 70078 

3. 74015 

3.  77952 

3.81889 

3.85826 

3. 89763 

16 


CO 


li 


mi  mil  mil  mi!  iiiii  nm  wm  mm  tin  i  urn 

.™«ot^  SSSSS  SSSSS  SSSSS 


ins  iiiii  iiiii  iiiii  iisii  iiiii  liii  mn  mn  iiiii 


inirtiONt^  06  06  o\  d  ©  d ih i i-I i 


i  cm   ro  1-  tj-  in 


io  vo<oc-^oo 


22^g^  SSSSS 


III 


ISiSi  IIIII  IIIII  lift!  IIIII  IIIII  IIIII  Iiiii 

^SSSS  SSSSS  SS???  SSSSS  SSSSS  SggSS  £££25  SSSSi! 


S3 


2 


T 
g  i 


I 


< 
Z 

H 
< 

Q 

pa 

H 

z 

a: 

z 
pa 


mi  iiiii  mn  mn  mn  mn    ggg  mn  tt§§§ 

o^c-co  ^o^co  aoH^  SSSSS  SSSSS 


ill  IIIII  ill!  IIIII  IIII  IIIII  IIIII  IIIII  IIIII  IIIII 

o^cjsjo  »o«Svn  £gs«n£  £££££ 


mi  iiiii  iiiii  iiiii  iiiii  mn  iiiii  iiiii  nil  iiiii 

o^n*  50*05000;  gSSSS  ^s-»o^ 


17 


$HNn^-  irnot^ooo*    p  fi  cn  co      i^onoooi    c-1^^^  ^^ot>oo(?i    ®»i<nm^-  io^ot^oo<Ji    OHNMTf  ir>vot^ooc*i 


nils  mi  i§§!  iissi  mil  nil  mi  nm  mii  linn 

ssisss  iiizi  sssss  sssss  sssss  sssss  ssssss 


list!      Hi!  sill  IIIII  ill!  If  III  Illi  USUI 

sssss  sssss  sssss  SSSSS  SSSSS  SSSSS  3322$  sssss  ssssss 


iiiii  titii  iiiii  iiiii  mil  mil  urn  mil  tint  mm 

S2So§  523522  SSSSS  SSSSS  SSSSS 


IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII !!!!!! 

SSSSS  SSSSS  SSSSS  SSSSS  £££££  sssss  sssssg  sgsss  ssssigg 


IIIII  IIIII  IIIII  iff!  IIIII  IIIII  Islll  ill!  Illi  IIIII! 

k«M§S§§§  SSSSS  SSSBB  S3S35  SSsSS  llgSS  Sggsss 


IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  ill  IIIII  liililii 

sssss  sssss  sssss  sssss  ££££2  sssss  sssss  ssisiss;  £§S;ggi§ 


18 


9i  O  O  i-t  «-<  i-i 

flooooo 


NOOfOb 

ro  t>  -h  in  00 

N  N  rOf*5 

o  o  o  o  o 


On  00  v© 
<NI  O  O  00 

tj-  rt-  id  m  m 
o  o  o  o  o 


O  ^  — '  VO  00  rg  vo  Ov  ro 
OlO'tTfro      N  N  -h  O  O 

ooooo  ooooo 


BIhOOOM 
<U  co  i>  ^  tJ-  00 

IjOOHHH 

O  o  o  o  o  o 


ro  I>  O  00 

oo  i>  t>  vo  m 

eg  eg  ro  ro  ro 
OOOOO 


NOO^rON  O  t}-  00  N  ID  a^'OO* 

in  -<j-  <o  <o  eg  NhQOO  oooot>i>o 

NOOtKX)  NOO^-N  HiflOroN 

tj- ri- in  m  m  o  o  r-  t>  i>  oo  oo  oo  o  o 

ooooo  ooooo  ooooo 


tH  oo  m  eg  o 
-<i- 1>  »-(  m  oo 

t*-  ro  ro  eg  _l 

CM  (Sj  ro  ro  ro 
OOOOO 


nooaoo 

tj-  m  m  m 
ooooo 


.-i  in  oo  eg  © 
oo  i>  o  o  m 

o  o  o  t>.  I> 
ooooo 


in  -<*•  ro  ro 


eg  o  o  <n  © 

vO  Ov  ro  <— I 
05  rON  N  -h  ^ 

o  o  o  o  o  o 


N^-HOOifl 

eg  eg  eg  ro  ro 
OOOOO 


ro  t»  — <  oo 

o  o  m 


rf  ro  eg  eg  —< 
vO  O  O  t>» 

ooooo 


o  ti-  oo  -h  m 
oaaoo 
id  oo  eg  o 


WONOO 

4)  fi  m  O  ro  t> 

O  O  O 
O  O  O  O  O  O 

rSd    *    •    •  * 


O  00  "t  eg 

C>J  eg  eg  ro  ro 
OOOOO 


Tt  oo     m  o 

— i  m  O  ro  1>- 

S^-  tj-  in  m 
o  o  o  o 


eg  vo  o  ro  r- 

O  Oi  Oi  00N 

oo  eg  o 


m  oo  eg  o 
O     oo  eg  o 


m  eg  ov  vo  ro 
r>  ^     oo  eg 
w  m  in  t1-  ro  ro 

^OOOhh 


vO  On  ro  t>.  O 

eg  -h     o  o 

eg  eg  eg  ro  ro 
ooooo 


tj-  oo  eg  vo  a> 

Ov  00  00  o 
O      oo  eg  vo 


frjNOTfoO 

O^-OONvO 
vo  O  O 
OOOOO 


*H  in  On  ro  O 

o     oo  eg  vo 

00  00  00  O  On 
OOOOO 


oo  id  eg  ov 
oo     id  ov  eg 

W  h  h  O  Ov  On 
93  i— i  ID  Ov  eg  vo 
^3  O  O  O  --J 
o  o  o  o  o  o 


vo  ro  o  r>  tJ- 

00  00  i>  o  vo 
O  oo  eg  vo 
eg  eg  eg  ro  ro 
OOOOO 


ID  On  ro  vo  O 

m  -rf-  Tt-  ro  <"0 

o  tj-  oo  eg  o 

Stj-  ri-  in  m 

o  o  o  o 


i>  »h  in  oo 
nhhooi 
O  oo  eg  in 
o  o  o  r> 
ooooo 


Ov  00  00  vo 

a^N-Hin 

1>  00  00  Ov  Ov 

ooooo 


00  eg  O  On  ro 

a>  o  -<J-  oo  eg  o 

OOO^h 

o  o  o  o  o  o 


Tt  oo  eg 
Tj-  Tj-  ro  eg  eg 
O  «4-  00  eg  O 
eg  eg  eg  ro  ro 
OOOOO 


O  Ov  ro  «— i 

r- 1  O  O  O  Ov 

o  5  oo  — '  io 
tt  ri-  rf  in  in 
ooooo 


sj-  oo  eg  in  ov 
oo  r>  r»  vo  in 

On  ro       -h  in 


ro  O  O  tJ-  00 

in  tj-  tj-  ro  eg 
o  <*o  t>» «— <  in 

On  On 


O  O 


—i  oo  m  eg 
On  ro  o  o  Ta- 
in ro  ro  eg  eg 
<u  o  ri-  oo  eg  o 

rJOOOHH 

o  o  o  o  ©  © 


Ov  vo  ro  O 
N-HlflOvN 
O  O  Ov  00  00 

eg  eg  eg  ro  ro 
OOOOO 


in  on  eg  o  o 
tj-  ro  ro  eg  eg 

ONfONv-Hin 
OOOOO 


ro  1>  ~*  rj-  00 

Ov  ro  I>  O 
N  00  00  Ov  Ov 
OOOOO 


&  O  O  O 

o  ©  ©  ©  ©  © 


in  eg  Ov  o  ro 
oo  eg  m  ov  ro 
vo  o  m  tj-  tj- 
on  ro  i>  i-h  m 
»-h  eg  eg  ro  ro 
OOOOO 


ro  ro  eg  i-h  «-h 
On  ro  J>  -h  in 


O  OvfONO 
O  Ov  Ov  00  00 
OvNOOrJ- 


Tt-  oo  i-h  m  o\ 
oo  eg  vo  O  <* 


S3  ° 


ooooo 


©  o  o  o  o 


©  o  o  o  o 

5  v©I>  00  Ov 

©dodo 


©  o  o  o  o 
©  ^  eg  ro 


©  o  o  o  o 

k«ON00Ov 


© 

e4  cm  cm*  cm  cm 


19 


t>     Tt  oo  <m  ma^oo  ^  oo     m  o  noo^n  m  n  o  o  po  i>  o  mnido^ 

a  o>  oonn  o  in  in  -<3-  tj-  po  cm  cm  — <  ©  oaaooN  now«*  po  po  cm  cm  -h  ©  ©  o  oo  oo 

— .  in  o  po  HinaiN  Hino^N  -ftoorgio  o^xno  o  *  oo  n  o  o         ^  in 

O  O  O  — '  — "  M  N  N  <t  r)-  lO  lfi  O  O  O  1>  !>•  00  00  00  O  O  O  O  ©       -H  N  N       ro  PO 

,H^_^,_l  ^  ~H  ,-H  _(  ,1  r-H  ,-H  l-H  _|  _|  ^  ,1  — H  i-H  i"H  CM  CM  CM  CM  CM  M  CM  N  N  M 


t}-  CO  CM  O  On 


O  CO  CO  1>  NO 

in  Oi  ro  t>     rtinc>«5N     O^MNO     O  tJ-  CO  CM  *©     O       W  N  O 
O  O  O  -h  -h      NNNfOfO      tJ-  Tf  Tf  ID  lO      VO  O  NO  I>  1>      00  CO  CO  O  O      O  O  O  -h 


O^-NHin  00  M  O  O  fO 

O  On  00  00  OOlOmrf 

OfONHlT)  On       t>>  —i  m 

CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 


OONinO'O  t"»  O  ^  CO  ■— i 

-h  — «  O  On  On  MXNOO 

HlfiONO  ©TfroOCMO 

O  O  O  — IH  CM  CM  CM  PO  PO 


m  On  CM  o  o 
lO  t}-  po  po 
O'tOONO 

Tj-^-'-j-min 


^  N  in  m 
o  *  oo  <n  in 


cm  o  On  ro  r> 
o  oo     i>  o 

>  00  00  Oi  o 


H^-ooNin  o  <*5  o  o 

OIOtJ-tJ-po  (NNHrtO 

o>fONHin  oi'ON'Hin 

O  O  O  — i  i-h  CM  CM  PO  PO 

>— i  CM  CM  CM  CM  CM  CM  CM  CM  CM 


OO^Nh  tJ- 00  CM  m  On  fOOO^M  HlflONO 
— i  O  O  O  O  lO  tJ- Tj- po  CM      CM  •— i  O  O  O 


i— i  CM  CM  CM  CM 


OfON-iin 
o  oo  r>  i>  o 

00  CM  O  O  Tf 


On  PO       O  00  CM  m  O  PO 

PO  po  CM  CM  -h  OOOOOOO 
O  ■«*•  Is-  -*  m 

CM  CM  CM  PO  PO 


O  g  CO  CM  O 


PO  rj-  t}-  in  in 


m  On  CM  O  O 
tJ-  PO  PO  (N  <N 
OifON-HiO 

m  o  no  i>  i> 


pp>  r>.  Tj-  oo 
— i  ©  O  O  00 
OfONONt 
£—  00  00  On  On 


NOOfpjN  O  Tj-  00  m  m 

OONOOifl  IrtNffOfON 

00  CM  O  O  tJ-  OOCMOO^" 

On  ©  ©  -h  *-h  -h  CM  CM  po  PO 

i-h  CM  CM  CM  CM  CM  CM  CM  CM  CM 


O'+N-Hlfl  CO  CM  O  O  PO 

O  On  CO  CO  OOWW't 

O  f*l  t-  h  U1  Of)N-Hl/5 

O  O  O  — i  — i  -h  CM  CM  PO  PO 


-h  "*  00  CM  WO«5NO  tJ-  00  ^  IT)  On  NOO^N  H  in  00  N  O 

PO  PO  CM  ^  -h  0000000  NOOlOTf  Tj-  PO  PO  CM  hOOOW 

On  ro  — i  in  CnNOO*  00  CM  O  O  tJ-  00  CM  O  O  ^  00  cm  in  O  PO 

pOTj-^-mm  m  o  o  noooocao  On  ©  ©  — i  »h  cm  cm  cm  po 

,_i       ^       _  _  _i  -h  _<  ^  —i  —i  CM  CM  CM  CM  CM  CM  CM  CM  CM 


^  oo  pm  m 
o  m  ^j-  tj-  po 

omN-Hin  o  ion  -Hin 

©  ©  -h  -h  >— i  CM  CM  PO  PO 


5 


<o  o  ^- 1>  — i 
OOlflNt* 
00  CM  O  O  T 

m  o  o  i>- 


m  00  CM  O  On  fON-HNtCO 

pocmcm-1©  oaa»N  n  o  m  m 

oo  cm  o  ©  oo     m  o  po  i>  ~*  m  o 

1>  CO  00  O  O  On  ©  ©  ©  CM  CM  CM  PO 

-h  -h  i— i  CM  CM  CM  CM  CM  CM  CM  CM  CM 


On  PO 

822- 


©  po  —  m 
o  oo  t>  r*-  o 

00NOO-* 
CM  CM  PO  PO 


00  CM  O  On  PO  I>  ©  rf  CO  CM 

in  m     po  po  cm  cm     ©  © 

00  CM  O  O  00  CM  O  © 

po     ^t-  in  in  m  o  o  i>  i> 


in  o  po  o  © 

OOOOOSS 

N-HinofO 
Socooooo 


^NHifia 
o  m  m  tj-  po 

On  ©  ©  ©  -H 
i-H  CM  CM  CM  CM 


NOOfpjN 
PO  CM  CM  © 

NHincNfo 

I  CM  CM  CM  PO 
CM  CM  CM  CM  CM 


NOO«5N 

oo  n  o  om  in     po  po  cm  —  -h  ©  ©  o 

00  NOO^J-  XMOONt  CO  CM  O  ©  PO 

On  ©  ©  -h  <m  CM  PO  PO  rONttlfllfl 
©  -H  1— I  1- 


nxNoo    m  in  rj-  ppj  pp> 

m  O  O  NO  1>     J>  00  00  00  On 


PO  I>  ©  «t  00 
O  00  00  NO 
NO  ©  Tj-  CO  CM 
i—i  CM  CM  CM  PO 
CM  CM  CM  CM  CM 


m  On  CM  VO  © 


NOO^N  -h  in  00  CM 
rj-  PO  PO  CM  ^  O  ON  O 

MN'OO't  co  cm  m  o  po  NHinoNfo    isHinofo    n  -i  m  oo  cnj    >©  ©  ^a-  oo  cm 

On©©— i-h  -h  CM  CM  CM  PO  PO       ^  ^J"  m      mOOON           CO  00  CO  O      O  ©  ©  ©  — i 

©   -H  — <   -H   -H                         r—i  t-H   f-H  —  —   —  —  —  _|  _<  —                         —  —  —  1— (  CM  CM  CM  CM 


m-n  Min  oo 
in  tj-  tj-  po  cm 

O  ©  00  CM 
-h  CM  CM  CM  PO 
CM  CM  CM  CM  CM 


©  ©  ©  ©  © 

5  >©  t»  00  On 


__©  OO©©©  COO©©  © © © © © 
05  -h  CM  PO  ^"     ^ONOOO     <5       CM  PO  tJ-      ^  O  £<-  00  On 


©  ©  ©  © 

CM  CM  CM  CM     5-5  PO  PO  PO  PO     5/  PO  PO  PO  PO 


^  ^ 


©ooo©  ©oo©o 

q  -h  CM  co  rj-  mOMXIO 

in  in  in  in    ^  in  in  in  m 


20 


Vi  On  co  m 
<D  co  tJ-  in  m 
43  rg  eg  rg  rg  rg 

Sc>  '  '  '  ' 


lOOiMOO  CO  t>  r-.  tJ-  00  NOOfON  O  ■«*-  00  — :  in 

Tj-fOf*5NN  hOOOW  CCNOOin  in  "t  rO  «5  <N 

a       N  rH  lO  O  <T>       O  TT  GO  <N  O  O  OONOO't 

mooNN  Noowaa  o  o  o  ^  — ■  -h  n  n 

eg  rg  rg  rg  rg  rg  rg  rg  rg  rg  rg  co  co  co  co  co  co  co  co  <T> 


1^  kH  t*-  CO  rg 

ro  ro  <N  — i 

0)  ro  Tf  Tf  lO  lO 
43  rg  rg  rg  rg  rg 


ooacooo 

in  O  O  1>  1> 
eg  rg  cm  rg  rg 


if  oo  a 

jt>  o  o  m 

rg  rg  rg  rg  rg 


<M  O  O  |> 
Tf  ro  ro  rg  — ( 

00  rg  O  O 

01  O  O  ~-<  ~h 

eg  rr^  ro  co  <*o 


•-h  in  ao  eg  o 
h  O  O  Oi  00 

»jh  rg  rg  rg  co 


oo  —i  m  o  rg 

On  On  00  £*»  I> 

<U  rr>  Tt  rt  m  \r> 
43  rg  rg  rg  rg  rg 

§d   '   '   '  ' 


O  O  <T>  1>  — i 
OONOOt 

rg  rg  rg  rg  rg 


in  oo  rg  o  On 
co  rg  rg  o 
oo  rg  o  O  rf 
N  00  00  On  On 
rg  rg  rg  rg  rg 


o  a  a  oon 

00  — <  m  On  CO 
On  O  O  O  — 

rg  co  co  co  co 


rg  in  o  co  no 

t>.  1H  Ifi  (J  ") 

^  rg  rg  rg  co 
<*0  **o 


oo  rg  O  On  co 
in  in  -<i-  co  co 

MOONOONt 

a>  co  m  m 
J  rg  rg  rg  rg  rg 

a  

a  o 


l>  O      oo  rg 
rg  rg  ^  o  O 
oo  rg  o  o  t)- 
m  o  o 
rg  rg  rg  rg  rg 


in  On  co  o  O 
O00MNN 
i>  t-t  lO  On  CO 
t»  00  00  00  O 

rg  rg  rg  rg  rg 


rg  o  O  co 
co  rg  rg  •— i  o 
i>  — «  in  On  CO 
~>  eg  eg  eg  co 
CO  co  co  co  co 


42 


3  52 


On  CO  NO  O 
-H  —I  O  O  On 

W  00  rg  O  O  co 
o>  co  tj-  Tf  in  in 
43  rg  rg  rg  rg  rg 

So  '  '  '  ' 


^  — (  m  oo  rg 

NhIOCn") 
in  O  O  O 

rg  rg  rg  rg  rg 


OOfONH 

in  m     co  co 

N  00  00  00  On 

rg  rg  rg  rg  rg 


tj-  oo  rg  m  On 

NhhOO 
O  O  O  O  f-1 

rg  co  co  co  co 


f^NO  tOO 
OnOOOONO 
O  O  if  oo  rg 
rg  rg  rg  co 
1*3  f*o  flO 


On  co  — i  ^J- 
tt)  CO  Tf       tj-  m 

^3  rg  rg  rg  rg  rg 


oo  rg  in  On  co 
Tf  co  rg  rg 
NiHinovfO 

rg  rg  rg  rg  rg 


OONtOOH 

— '  — I  O  On  On 

i>  — i  in  oo  rg 

JS>  00  00  00  o 

rg  rg  rg  rg  rg 


in  On  rg  o  O 

00NNOO 

o  o  oo  rg 
O  O  O  O  pH 

rg  co  co  co  co 


fON^loOO 

in  it-  ti-  co  rg 
O  O  tj-  oo  eg 
— i  eg  eg  eg  co 
fO  WD      CJ  flO 


o  it  oo  m 
tj-  co  rg  rg  r-H 

W  1>  i-H  in  On  CO 

a»  co  Tf  it-  it-  m 
43  rg  rg  rg  rg  rg 


On  rg  o  O  co 
O  O  O  On  00 

l>      ■<*•  oo  rg 
in  o  o  o 
rg  rg  rg  rg  rg 


N-Hinoor\) 
i>  i>  o  in  in 

OO  t  00N 
N  00  00  00  On 

rg  rg  rg  rg  rg 


O  On  co  l>  O 

co  co  rg  rg 
O  O  if  oo  rg 
O  O  O  O 

rg  co  co  co  co 


oo  rg  in  On 
hOOOnOO 

O  O  TfN  ~H 

rg  rg  rg  co 

CO  flO 


-h^WNO 
O  On  00  00  i> 

(U  co  rf  t}-  rj-  in 

43  rg  rg  rg  rg  rg 

So  /  '  '  ■ 


On  co  i>  O 

o  o  m  m 
o  o  it  oo  eg 


oo  in  o  co 
co  co  rg  i-h  i-t 
O  O  t  co  rg 

N00  00  00ON 

rg  rg  rg  rg  rg 


O  O  it"  1>  -H 

O  O  O  00  00 

NO  O  co  1>  — i 

O  O  O  O  — i 

rg  co  co  co  co 


in  oo  rg  o  © 
t>  o  o  m  m 

^     rg  rg  co 

CO  co  co  co  co 


in  on  rg  no 

w  o  o  it-  co  rg 
4)  co  it  it-  in 
43  rg  rg  rg  rg  rg 

go   *   '   '  ' 


o  i>  m 
co  rg  i-h  i-h  o 
OO  t  OON 

m  o  o  o  !>■ 
rg  rg  rg  rg  rg 


00  rg  o  On  co 
On  On  00 
lOOifON^ 
1>  1>  00  00  On 

rg  rg  rg  rg  rg 


OOlfi  tt 
On  On  ©  O  •— • 

rg  rg  co  co  co 


in  On  co  O  © 

co  rg  rg  — i  fh 
moNfON-H 
i-h  ~h  rg  rg  co 

CO  co  co  co  co 


©  n- oo  rg  m  afooot 

_  ©  On      OiOONNO  in  in  CO 

woo^ooh    ma«5NH  moifONH 

O  D  co       Tf  rj- in  I>X>  00  00  On 

O         43  rg  rg  rg  rg  rg    rg  rg  rg  rg  rg  rg  rg  rg  rg  rg 

o  

c  ©  O  © 


OOpONm 
On  On  00  £*»  £^ 

ma.fONn  rt-coNOO 
On  On  O  O  ^  »- 1  rg  rg  co 
rg  rg  co  co  co    co  co  co  co  co 


S3  93 


ooooo  ooooo 

O  — 1  M       "*     ujONMON     ^  ^  rg  co 
^OONOO     ^  o  O  O  O     I>  I>  Jt>  I>  I>     |>l>£^i>i>  oo  CO  CO  CO 


ooooo 

5  «N  00  On 


ooooo 


21 


Ov  ro  O  O  tJ- 


00  eg  O  O  <0  t^rnlfiOifO 
r0  ro  ro  ro     ro  ro  r0  ro  *0 


N  00  00  00  0> 
P0  PO  po 


^  00  eg  in  Ov  fONO^OO 

(MhhOO  O  00  00NO 

Nnma<N  o  o     oo  eg 

O  O  O  o  — i  >-h  eg  eg  eg  <o 

^Tf*Tf  *  tJ-  -fr       rj-  rf 


m  o  eg  o    o  — <  m 

ro  CN>  — i  r-t  o 
OO'tOOM 

ro  -3-  -<3-  -3-  in  mooON 

Tj"  Tj"  Tt  Tj-M-Tf^tTt 


NNOOW  Tt  Tf  ro  <N  <N  -H  i-h  O  O  O 

n  -h  in  a  fO  N-Hinoifo  i>  — i  m  oo  cn 

ro  ^  tJ-  tJ-  m  IfiOOON  N  00  00  oo  a 

ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro 


in  O  eg  O  O  ro  I>  --H  lO  00  NOOifON  O  Tf-  CO  eg  in 

00t»l>OO  lO  rj-  rj-  ro  Csj  N  h  O  O  Oi  O  00  N  N  O 

O  O  rj-  00  eg  OO'tOOM  O  O       00 -h  lOOi^NH 

0\  O  O  O  -h  -h  eg  eg  eg  ro  ro                m  lfllOOCN 

rO           ^  Tl-  Tj-  Tj"                           T}-  Tj-  Tf           Tj-  ^  ^  Tj"  Tj" 


Tj-oorg  oo\rot>o 


00  ^  m  0\  ro  O  O      £<•  H1O00NO 

O  O  On  00  00NNOIO  lO       ro  ro  CM 

OO^-WN     OO^tNH  lOOifONH  mo>f*)NH 

ro  -r}-       tJ-  lO     lOOOON     !>•  00  00  00  O     O  O  ©  O  >-h      i-h  eg  eg  eg  ro  <0  ro  t}-  tJ-  lO  mmOON 

ro  ro  ro  ro  ro     ro  ro  ro  ro  ro     ro  ro  ro  ro  ro     ro       ^  ^  ""^     ^J"  rj-  tJ-  r}-  tJ-  tJ-       ^  Tfr 


m  Os  <0  Nph^-oON 


— <  Tf-  00  eg  O  afONOTi 

oawooN    vo  vo  m  in 
o  ^  oo  eg  oo^-oon 


00  i-h  m  Ov  ro 
ro  ro  Cg  -h 
OO^OON 

Nooooooa 

ro  ro  PO  PO  ro 


o  o  "d-  ~h 

O  O  Ov  00  00 
O  O  ro  r-»  ~h 


in  oo  eg  o  o 
j>  o  o  m  m 
m  o  <o  t*.  i-h 

H  -h  (M  N  fO 
rf  "fr 


ro  i>  »-i  ^t-  oo  eg  m  o  ro  i> 

tJ-  ro  ro  eg  r-H  O  Ov  Ov  00 

ma^NH  moegoo 

ro  ro       r}- lO  lOlOOON 

t  Tf*^^  Tt-       r}-  Tj- 


vOin^Tj-ro  fON^rtO 

-o  o  tj-  oo  eg  v©  o     oo  eg 

ro           tJ-  m  lOOOOb 

ro  r0  r0  r0  ro  ro  ro  ro  ro  ro 


oo  eg  O  O  ro 
m  0\  ro  t»  i-h 

je»  i>  oo  oo  o 

rO  ro  ro  ro  ro 


l>     rt-  oo  eg  m  o  ro  vo  o 

OOlOrtTf  rONN-Hrt 

OOOO^h  *H  i— t  eg  eg  ro 

ro  ro  rj-  rj-  tJ-  Tf  t}-  tJ- 


tj-oo-iioo.  eg  o  o  <o  i> 

m  oo  eg  o  O  oo  eg  o  O 

ro  ro       rj-  lO  miflOON 

^  Tl-          -<t  Tj-  T}-  Tf  t 


eg  o  o  ro  t>  o  tj-  oo  eg  in 
eg -h  o  o  o  aooNNo 

OO'tOOH     in  O  ro  t> 


O  ro  VO  O 

m  m     Tt-  ro 


eg  eg     o  O 

lOOifONn 


COfONH 
Oi  0>  00t»N 

oo  eg  vo  o 


xj-  oo  eg  vo  o 
o  m  m  Tf  ro 
Tt  oo  eg  o  o 
ro  ro  -<r  rt-  in 


ro  f>.  O  00 
ro  eg  eg  v-h  o 
Tt-  oo  eg  o  o 

Tf 


«)00*N  HlfiOiNO  OfONHTf' 

oONNOifi  in     ro  ro  eg  eg  -h  o  o  o 

in  Oi  ro  1>  ^  1/lOifONH  mOi«)NO 

ro  ro       rj- in  lOlOOON  NNMOOOi 

ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro  ro 


oo  eg  vo  O  ro  r>.  O      00  *H 

oo  oo     o  o  in  m  ti-  ro  ro 

oo  eg  vo  o  ■<<-  oo  eg  o  O 

Ov  O  O  O  — i  FHrtNNfl 

ro  ro      "<*■  rf  tJ-  Tf 


m  o  ro  vo  o    tj-  r>.  ^  m  oo 

NhhOO     Ov  00  00  t^.  O 

t}-  co  eg  o  o 


ro  ^  — i  m 
in  m  o  o 
^-  Tt-  • 


ro     —<  Tj-  oo  eg  in  Ov  ro  r>    o  ■"<*•  oo  ^  m 

t*-  ro  ro  eg  .— i  f-iOOOOO  WNOOW 

v)Ovr*)Ni-i  moegoo    ^  oo  eg  o  O 
ro  ro  rfifi 
ro  ro  ro  ro  ro 


o  eg  o  O  nhioxn 

rj-       ro  ro  eg  -h  O  O  O 

tj-  oo  eg  o  o        oo  (N  io  a 


oa^NH  oo  eg  in  o 
oonnoo    in  tj- ro  eg 


Tt-  oo  m  o 
oaa»N 
in  oo  eg  o  O  ^- oo  eg  o  O  oo  eg  o  O 
rorOTj-^fin  tflinOON  NNMMO 
ro  ro  ro  ro  ro     ro  ro  ro  ro  ro     ro  ro  ro  ro  ro 


•"too-Hino 
o  o  o  o  o 

ro  ro      rj-  t}- 


rOJ>HlOO\     (»)NHifiOv  fONrtTfoO 

i-h  — <  eg  eg  eg    <o  <o     ^j-  minooo 

Tj-  ^  Tj"  Tt"  <<fr  Xt"  Tj-  Tj-  -<^- 


oo  eg  vo  o 
vo  in  in  ^  ro 

oo  eg  o  O 
ro  ro  rf  rt-  in 
ro  ro  ro  ro  ro 


ro      O  rj-  00 
ro  eg  eg  —i  o 
oo  eg  o  O 

rO  ro  ro  ro  ro 


tj-  i>  -h  m  o 

r^.     oo  oo  oo 

ro  ro  ro  ro  ro 


oo  eg  o  O  ro 
ro  ro  eg  eg  -h 

— *  <-«  eg  eg  eg 

*         "I-  Tj-  «*■ 


i>.  r-i     cjo  eg  ooifONO 

o  o  o  oo  oo  r^ooinm 

ro  1>  O       00  NOO^-00 

ro  ro  ^  t}-  Tf  in  m  o  o  o 

"3-           Tj-  Tf  Tj-  ^  Tj- 


ooooo   ©oooo   ooooo   ooooo   ooooo   ooooo  ooooo 

l5  O  N  CO  a  ^^HcgrOTj-  J«ONOOOi  ©HNff)T|-  oOi>00O  o,_,cv,fOT*'  L^NOOO 
<X  00  00  00  00     ft  Ov  Ov  a  Ov     ft  Ov  Ov  Ov  Ov     OOOOO     OOOOO     r—t  >—*  —< 


22698°— 36  4 


22 


00  CM  O  On  co 
On  On  00  t^*  X>* 

a>  jt^  i>  oo  oo  on 

^  Tl-  Tf  T}-  Tj- 

8d  •  •  •  • 


N  ^  t}-  00  CM 

On  On  O  O 
ri-       io  ID  lO 


lO  On  CO  O  O 
CO  CM  CM  -h  — • 
lO  On  CO  1>  — I 
>-H  i— I  CM  CM  CO 

in  m  m  in  in 


-"t  00  ^  VO  ON 
O  On  On  00  i> 

m  oo  cm  o  o 

CO  cr>       rj-  lO 


00  Csj  no  o 

irimc  on 


.3  Tf  Tj-  T*- 


CM  CM  ~  ©  O 

On  On  O  O 
tJ-       m  m  m 


O  O  PO  -h 
On  0>  00t*N 
<*  00  CM  NO  O 
<-h  CM  CM  PO 


«*•  00  CM  O  On 

no  m  m  ^-  co 

^t-  00  CM  no  O 
ro  <-o  tJ-  tJ-  in 

in  in  m  m  m 


f)  N  O  OO 
PO  CM  CM  O 
<<T  00  CM  no  © 

m  m  o  o 
m  m  m  in  m 


CM  »— '  ©  O  On 
W  in  On  co  t^.  O 


00  CM  in  On  co 
00  00NOO 
00  CM  O  O 
On  On  ©  © 

m  m  m 


in  On  CM  O  © 
NhhOO 
00  CM  O  © 

co  co  m 
m  m  m  m  m 


^■N-HIOOO 

On  00  00  N  O 

co  r»  *->  in  On 
m  in  no  no  o 
in  in  in  m  in 


©  rt-  ao  — <  m 

W       00  CM  O  © 
<D  i>       00  00  On 
*  ^ 


On  CM  no  ©  ■«*• 
CO  CO  CM 
•rf  00  CM  NO  © 
On  On  ©  © 

Tf  ^  m  m  in 


in  oo  cm 

— I  ©  On  On 
00  CM  in  On 
— i  CM  CM  CM 

m  m  m  m  m 


NO  On  CO 
00NNOO 
CO  <T>  t*-  t*-  tJ- 

m  in  in  m  in 


oo  cm  m  o» 

m  m  no  vo  o 
m  m  m  in  m 


i-H  in  oo  cm  o 

T}-  CO  CM  CM  ■— < 
0>  00  00  On 

Tl-  Tj-  ^  T}- 


00  CM  in  On  CO 

<D  X>  — <  lO  On 
CM  CM  CM 

m  in  in  in  m 


«0  ©  ^  t>  -H 

«fr  "<*•  PO  CM  CM 
PO  N  "*  m  On 
CO  PO  "*  tJ-  Tf 

in  in  m  m  m 


_  ©  On  On 
CO  t"»     '  00 

in  m  o  o  no 
in  in  in  m  m 


-h  in  On  co  NO 
„  ©  On  00  00  i> 

0)  N      00  00  00 

43  ^  Tj-  Tj- 

So  •  •  •  • 


PO  !>•  •— i  m  On 
On  On  ©  ©  © 

tj-  m  m  m 


00  CM  no  ©  PO 
PO  PO  CM  CM 

'  CM  CM  CM 

m  m  m  m  m 


in  On  PO  r>  © 

t^.  o  no  m  in 

CM  O  ©  Tf  00 

m  m  o  o  no 
m  m  m  m  m 


N  O  O  ")N 

no  in  m  "4-  co 

W  PO  ^-t  in  On 
4J  1>  N  00  00  00 
,£j  t*-  Tt" 

gd  *  *  *  ' 


fON-HHO 
On  On  ©  ©  O 

Tf     in  in  m 


On  <-0  X>  © 
-h  CM  CM  CM 

in  m  m  m  m 


NO  ©  ^  N  -« 

CO  PO  CM  ~ 
CM  O  ©  tJ-  00 

m  in  o  no  o 
in  m  m  in  m 


PO  no  ©  ^  00 
NhhO© 
tflfON-HlOOO 
DNNOO0O0O 

^  Tt  ^ 

3d  •  •  •  • 


^  in  On  CM  NO 
On  00  I>  i>  no 
MOOM-00 
On  On  ©  ©  © 

■<j-  TMn  m  m 


t>  ©  Tl-  00  CM 
On  On  00  £>• 
CM  no  O  ^  00      —i  in  On  PO  !>• 

coco-«a-Tj-^-  m  m  in  o  o 
m  m  in  in  m    \n  in  m  m  m 


CO  1>  -H  Tj-  00 

W  CM  NO  O  Tl-  00 

a>  i>i>  oo  oo  oo 

J  T*-  Tj- 


CM  NO  On  co  1> 

in  tj-  po  po  cm 

CM  NO  ©  ^1-  00 
On  On  ©  ©  © 


o  ■«*-  oo  -« in 

CM  ©  ©  On 
NNOO 

CM  CM  CM 

m  in  m  in  m 


On  CO  NO  ©  Tt" 
00  00  I>  t>  O 
— i  in  On  <T>  *> 
CO  CO  co  Tj"  ^* 

m  in  in  in  in 


NHW00N 

in  m  ti-  co  co 

m  On  co 
in  in  in  no  no 
in  in  m  in  in 


■«*■  00  *-«  lO  On 
Tj-  PO  PO  CM  "* 
W  CM  O  ©  00 


-I  ©  ©  On  00 
CM  O  O  co  1> 
On  On  ©  ©  © 

tj-  in  in  m 


i— t  in  oo  cm  no 
oo     no  no  m 

—i  in  On  co 

m  m  m  m  m 


m     co  co  cm 

■■H  in  On  co  £*» 
co  co  CO  ^ 

m  m  m  m  m 


oo  cm  m  On  co 

fh  h  O  Oi  On 
^  lO  On  CM  no 

in  in  in  o  no 
in  m  in  in  in 


©  ©  ©  ©  © 

X         CM  CO 


©  ©  ©  ©  © 

J»  ON  00  On 


©  ©  ©  ©  © 

^  rH  (\)  fC,  Tj" 


l« 

CM  CM  CM  CM      fjq  CM  CM  CM  CM     5^  co  PO  PO  PO 


©  ©  ©  ©  © 

5  ON  00  On 

CO  PO  co  co  CO 


©  ©  ©  ©  © 
©       CM  co  'J" 

^  ^ 


23 


m  in  m  in  m    m  in  o  o  o  ooooo 


oo^nh  in  o  eg  o  o 

^     <n  eg  eg  hooo» 

«5NHloa  ro  |>.       tJ-  00 

co  fo         tj-  mmooo 

O  O  O  O  O  OOOOO 


ro  Jt^.  — (  ^  00  N  O  a  fON 

OONNOlfi  m       co  co  eg 

NOO'tOO  N«O*00 

J>  CO  00  00  Oi  o  o  o  o 

OOOOO  OONbN 


<— i  in  O  ro  O  O  ^  N  -i  ID  00N*Of«)  NnrfMN 

oaooooN  i>-  o  m  m  Tf  co  <o  eg  eg  ©  ©  o  oo  oo 

Tt-N-Hin  a  f^NHina  co  i>  ~h  in  o  fONO^-M 

Jt>  !>■  CO  00  00  OOOOO  —i  -«  eg  eg  eg  ro  <-o      t}-  tJ- 

loioiomio  in  in  o  o  o  ooooo  o  o     o  o 


ooooo 


fOfOM-H  hOOOQO 
I^1>000000  OOOOO 


O  ro  O  O  rf- 
O  O  00  CO 
N  O  O  CO 
.-h  .-i  eg  eg  eg 
lO  lfi  o  o  o  ocooo 


o  o  m  tj- 

co  co  rj-  tJ-  tJ- 


co  ro  eg  f- 1 

in  in  o  o  o 
o  o  o  o  o 


in  oo  eg  o  o  <n     o  oo 

NinCXON  HlOOfON 

t>>  t>  00  00  OiOiOOO 

0  0  0*00  OOONN 


<r>  o  o  t*-  oo  rti^oiNO  OfONHin  co  eg  o  o  m  o  ■«*■  oo  eg  ioo^oo  Tj-NHina 

nhhoo  OiMNNO  o  m  -<^-  Tj-  ro  eg  eg  •— <  o  o  aaooNN  omio**  co  eg  eg  — i  o 

fONiHinoo  eg  o  o  "3-  oo  noo^-oo  noo*oo  nioa^N  —i  in  o  <-o  j>  — i  in  o  <t>  r- 

co  oo  oo  aaooo        *-*  eg  eg  eg  fjfo^-tTf  in  in  in  o  o  r-^  i>     oo  co  00*000 

m  in  in  in  in  mmooo  00000  00000  000*00  00000  ooot^t^ 


00NN*Olft  in  ^  ro  co  eg 

eg  o  o  ^  00  noo^m 

t<-*^  00  00  00  00000 

m  m  m  in  in  mmooo 


o  00  •— 1  in 
eg  ~  o  o  o 

00000 


NiHinaN    oo^nh  rj-  00  eg  in  o 

in  in  ^  co  co    nnhoo  o  00  00  t»  o 

HinoifON    HinoiroN  otwN*o 

r*r>.£^ooco  00000 

00000  ooot>»i> 


Tf  00  — <  in  o  noo^n  in  00  eg  o 

Tj-rorON-H  -h  O  ©  O  00  00  t-  O  O  in 

eg  O  O       00  *NOOf?N  HlflO*«its 
t»»  00  00  00 

in  in  in  in  in 


C*fONHit 

tj-  tj-  <n  <n  eg 

OOOOO     -i  -h  -h  N  (N     CO  co  CO  t}- 

m  m  ooo    ooooo  oooOO 


OO'toOH  in  o  eg  o  o 

oo  oo  r>  o  o  m  tj-  t*-  co  co 

in  o  eg  o    o  ^  oo  eg  o  o  ^j- oo  eg  o 

in  in  in  o  o    i>-  i>  £^  oo  oo  ooooo 

ooooo    ooooo  ooor>-i> 


in  oo  eg  o  o  fON^^co  eg  in  o  ro  o  o  tj-  oo  -h  in 

oaoooN  nooio^j-  Tj-coegeg^H  — <  o  o  o  oo 

eg  m  o  co  t—  — <  m  o  <o  r<»  hioo*in  in  oo  eg  o 

I>       00  00  OOOOO  hhhnn  co  co  co  ^  tJ- 

m  in  in  in  in  in  in  in  o  o  ooooo  ooooo 


O  eg  o  o  co 

O  -«t  oo  eg  o 
in  in  in  o  o 
o  o  o  o  o 


i>  -h  in  oo  eg 

r  o 
o     oo  m 

!>■  !>■  00  CO  OOOOO 
OOOOO  OOOt^J> 


m  o  co  o  o 
o  in  in  -3-  tj- 

t«.       1>  CO  00 

in  in  in  in  in 


"tNHino*  eg  o  o  co  i>.  oo  eg 

co  eg  eg     o  oaaoob  Nomm 

Hina")N  mno  o     oo  eg  o 

OOOOO  — i  ^  —h  eg  eg  <o  co  co  rj-  tj- 
m  m  m  o  o 


ooooo  000*00 


O     0*f«5J>0^     00      m  O  CO  OO^-Nh 

rf    co  co  eg  eg o  O  o  oo  oo  NN*omm 
o  ^  oo  eg  o    o^t^—iin  afONnm 


OO^Nh  rt-  oo  rg  in  o 

eg  eg o  o  o  oo  oo     o  o  m  in co 

hwo*«)N  o  ■<*•  oo  eg  o  O oo  eg  o 

£^r*t^  00  00  OOOOO  ph  h  M  N 

in  in  in  in  in  in  in  in  o  o  ooooo 


co  eg 

O      oo  eg  o 

CO  co  co  tJ-  Tj" 

o  o  o  o  o 


_  O  00  00 
OfONHV) 

in  m  m  o  o 
o  o  o  o  o 


oo  eg  o  o  ro    l>  —i  tj-  oo  eg 

afONHin    a  fON 

00  o  o  _ 
O  O  O  £^  i> 


oo^-wh  in  o  eg  o  o 

00  00  N  o  o  m      tJ-  co  co 

O  tj-  oo  eg  o  o  ^  oo  eg  o 

oo  oo 
m  w  m  m  in 


^  in  oo 
eg  o  o 
O     oo  eg  in 


NOOifON  O^J-ooegin 

O*00NN*O  O  m  tJ- Tj- co 

o  co  »— i  m  o  co  i>  i— ( in 

eg  co  co  rj-  rj-  rj-  in  m  o  o 

oooOo  ooooo 


O  ro  O  O  Tt  oo— iWOeg 

eg  eg — i  o  oaooNN 

OifONnin  oo  eg  o  o  tj- 

or^r^oooo  oo  o  o  o  o 

ooooo  ooor^f- 


ooooo   ooooo   ooooo   ooooo   ooooo   ooooo  ooooo 
O  t>  oo  O    ^ eg  co  ^    ^ot^ooo    ©  *  eg  co  ^    kjCNX©    o  ^  N     "*    3  °  **  00  °* 
^5  ^  in  in  in  in    ^  in  in  in  in    550000    ooooo    i>i>i^r^t>  i>r^i>i>i> 


24 


o  Tt-  oo  r-i  in 

NhOOO 

CO  -<  -t  CM  CM  CM 
i>       1>  i> 


O  ro  O  O  -<t-  N       ID  00  ^  'OO'nNH 

00  00       I>  O  m  m       co  CO  M  (N       o  o 

Hina"5N  >HinofON  -cio^fiN 

ro  «n  «-o  Tf  rf  in  m  moo  i>t^t^oooo 

i>  r-  t»  r-»  t-»              r-^  t-»  t>  j> 


—i  in  CO  CM  O 

oo     o  o  in 

CO  i— i  i— i  t—t  CM  CM 

,£5 1>  ^  r»  Jt>  I> 


O  ro  !>•  — <  Tj- 

Tj-  tJ-  <r>  co  CM 

CO  co  CO  ^t"  t}- 

JC^  t>-  i>  1> 


oo  cm  m  o  ro 
^  o  o  o 

in  m  m  o  o 
i>  i>  i>  i> 


oo  co     o  o 

O  *  00  M  O 

r-»  i>  i>  oo  oo 
r*»  r»     r-  x> 


m  o  cm  o  o 
in  Tt-  ti-  co  co 

O  ^  00  csl  O 

ooooo 


cm  m  o  <o  o 

co  CM  CM  —i 
CO  f— i  i— t     i  CM  CM 

go  *   '   '  ' 


>— i  O  O  O  CO 

-h  in  co  cm  o 

CO  co  co  Tt-  t}- 

JCN.     r>  Jt> 


O  CM  O  O  ro 
O       00  CM  O 

in  in  in  o  o 
£^  i>  x>  x> 


|>  — <  rj-  CO  CM 
tJ-       ro  CM  CM 

NNN  00  00 
1>  I>  t>- 


O  O  <T>  I>  O 
-h  O  O  O  O 
O  00  ft  in 
OOOOO 


CM  O  O  <T5  l> 
O  O  O  00  I> 
CO       t*-  CO  CM  O 
CO  i—t  i— t  •— t  CM  CM 
A       t>       t>  i> 


a  o 


-h       CO  N  O 

Nomina 
O  Tf  oo  cm  o 
CO  co  CO  ^t" 
I>  i>  I> 


co  <n  CM  CM  -h 
O  ^  CO  CM  O 

m  in  in  o  o 
j>     r>.  x> 


co  — i  m  o  ro 

O  O  O  CO  CO 

o  *  — <  m 
i>  t»  r^. 


O  O  1> 
N  N  O  m  m 

co  o  o  o  o 

i>  00  00 


I 


co  1>  O  ^  00 

cmiOTj-fo 

W  O  "*  00  CM  O 
CO  i-H  i— i  i-H  CM  CM 


— i  in  o  cm  o 

co  CM  — i  — (  O 
O  *  00  CM  O 
co  co  co  rj- 

i>  j> 


O^Nhio 
O  O  CO  CO 

o  co  i>  -h  in 
in  m  m  o  o 
i>  t>  t>  t>  i> 


00  CM  O  O  ?r> 

o  o  in  tj-  t*- 

OifON'HlO 

i>  i>  i>  i> 


N  -h  Tl-  00  N 
co  co  CM  ~*  — < 

afON-Hin 
00  o  o  o  o 
r^-  i>     co  co 


co  i>  — i  in  oo 
co  o  Tf  co  cm  m 

CO  i— i  i-H  >— t  CM  CM 

»a  i>  Is-  j>  t- 1* 
So  '  '  '  ' 


CM  O  O  CO  l> 
CM  ro  co  rt-  tJ- 


o  ^  co  cm  m 
o  m  Tf-  co 

tj-  m  in  o  o 
t>  t>  t> 


O  co  O  O  tJ- 
CM  CM  — i  — <  O 

O  I>       00  00 

I>    I>  l>  J> 


— i  in  o  cm 

00  CM  O  O  ^fr 
00  O  O  O  O 

r>  t>»  oo  oo 


w 


n-  oo  cm  m  o 

<U  O  — •  CM  CM 
^3  1>  £^  t>  J>  t^. 

3©  •  •  •  • 


co  O  O 

m  xt-     co  cm 

CM  co  co  rj-  -<4- 


CM  — <  O  O  O 

rf  in  in  o  o 
r> 


00  CM  O  O 
O  N  N  00  CO 

i>  t>. 


£>.        oo  oo 


in  oo  cm  o  o 

t}-  co  co  CM  CM 
<U  O  — i  -h  CM  CM 

go-'-' 


co  1>  »-h  rj-  00 
O  O  O  00 

CM  CO  co  ^ 
t^.  t^. 


cm  m  o  co 
oo  t>  o  o  in 

00  CM  O  O 

tj-  in  m  o  o 
tN.  i>  i>  i>  i> 


o  -*  oo  -t  in 

in  •<*■  co  co  cm 

00  CM  O  O  Tf 

O  ^  00  00 

r^.  t^. 


00  CM  O  O  ro 
00  O  O  O  O 
N  N  N  CO  M 


m  o  co  o  o  'tooHino 
o  o  o  oo  oo       o  o  m 

CO  Ov  CM  O  O  00  CM  O  O  Tf 

CU  O  -h       CM  CM  CM  co  co  Tj- 
t>  I>  1>  t>* 


t>    j>  r>.  t>. 


cm  o  o  co 

t^-  co  co  CM 
CO  CM  O  O  tJ- 

rj-  in  m  o  o 
1>  I>  1>  1> 


^  in  oo  cm  o 

-h  o  O  O  00 

co  cm  m  o  co 

ONNN  CO 


NNOOlO 
N-ilOOifO 

00  o  o  o  o 

£>•  t»  I>  1>  00 


a  o 


oom**     CO  CM  CM  O 
W  CO  CM  O  O  Tf 
©  C0O<-"—tCMCM     CM  ro  ro  Tj-  Tt" 

©        ^  i>  j>  ]>.  i>i>j>£^t^ 

u  

a  o  © 


CO  ^  O  ^  00 
OOO00N 
CO  — i  in  o  ro 
in  in  in  o 


in.  o  in  in 

NHlOOW) 
ONNN00 

x>  x>  t> 


CO  CM  CM  ~* 

j>  fh  in  o  co 
00  o  o  o  o 

J>  t>  1>  00 


©oooo  ©oooo 


S  CO 
t-j  CO 


O  »-l         cc;  ^ 

X  00  00  CO  CO     oo  oo  CO  00  00 


©oooo 

Q-HCMfO't 

jj  O  O  O  O 


©oooo 

5  ^5       00  O 


©oooo 

©       CM  co 


&  0\  0\  0\ 


©oooo 
q",  cm  cm  cm  cm 


25 


co  t»  o  oo 
o  m  m  rj-  <r> 

O  "*  00  eg  O 
00  00  00  00  00 


co  po  co  ■<*■ 

00  00  00  00  00 


o  o  oo  oo  i> 
in  io  m  o  o 

00  00  00  00  00 


00  eg  o  o  <-o 

O  N  N  00  00 
00  00  00  00  00 


— I  Tt"  00  CsJ 
fO         M  -H 

O  co  t>.  —i  in 
00  Oi  Oi  o  o 
00  00  00  O  O) 


0  0-0)00  00 
O        rH  eg  <M 

o  o  o  o  o 


OOfNOO-t 
eg  CO  CO  tJ-  rj- 
O  O  O  O  Ot 


fONpHifiOO 

(N  <N 

00  00  00  00  00 


O00NNO 

on  m  i>  •-<  in 

00  00  00  00  00 


ON  co  j>  ^  m 
Tt-m  in  o  o 

00  00  00  00  00 


O  <"0  vo  O  Tt- 

O  f2  N  i-i  1/5 
O  i>  00  00 
00  00  00  00  X 


o  o  o  o  o 


^  oo  ^  m  o  fnoo^t-N  m  oo  eg  o  o«)Nh^  oo  eg  in  o  <-o 

oo  j>.     o  in  m  tj-     <T)  <n  eg     o  ©  o  aooNNO  in  m  ^j-  m  rn 

Oir^NrtlO  o  <r>  t>  ^  m  o  <r>  1>  — i  ^  WNOO*  OONOO^ 

O  — i  ~h  eg  eg  eg  co  CO  Tj-  ^10  1000  O  N  N  oo  00  oooooo 

0000000000  0000000000  0000000000  0000000000  00  00  oo  o>  o^ 


i>  o  ^-  oo  '-h  maNOO 

NNhOO  OiOOOONN 

oonoo  t  NHino.fo 

O  >— '     i  eg  eg  eg  CO  CO  CO 

o  o  o  o  o>  O  O  O  O  Ov 


in  CO  eg  O  O  co  i>  tJ-  00 
Tl-  co  co  eg  eg      -h  O  O  O  00 

O  — i  -h  eg  eg     eg  co  co 


00  00  00  00  00 

© 


§3 


00  00  00  00  00 

© 


eg  in  o  co 

MNOOlO 
00  <N  O  O  >♦ 

oo  oc  co  oc  oo 


o^oo^m  o  eq  o  o  rt-  NninooN  oo^nh 

in  Tt  rn  <T>  CM  O  O  OX  W00NOO  m       tJ-  ^  ro 

OOlNOO't  OONOOfO  Nninato  nhioomo 

onnco  oo  oooooo  ©i-tr-if-tcg  n  fn  ^  fn  tj- 

CO  00  00  00  CO  CO  00  CO  O  O  O  Oi  Ov  O  O  o  o  o  o  o» 


in  o  co  o  ©  "too^mo  noo^n  hiooono  a^NO't 

O  O  O  00  00  NOOm^  Tf  co  <T>  Cg  ~h  o  O  O  00  NNOOIO 

O  es)  O  ©  M"  00  CN  O  O  Tj-  MNWOifO  NnmOifO 

o  — '  — '  <n  (n  eg  <r>  <-o  Tt-  tj-  Ttmmoo  onnn  oo  oooooo 

00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  o 


CO  n  m  a  rn  OO^Nh 

"d"      <d  eg  eg  i— (  i— t  O  O  O) 

NnlOOKO  N-HIOOON 

0"HHrH(\)  CM  r-O  ro  <*o 

o  o  o  o  o  o»oooo» 


O  O  co  ^-OOINOO 

OOm^-'t  (*5  M  N  h  o 

OONOCt  OONOOTf 

O'H'HNN  (N  "1  fi 't 

00  00  00  00  00  00  00  00  00  00 


<~o     o     oo  Hina^o  o  ^j- — i  m 

ooaooN  Nomina  tj-  <-o  eg  eg 

Mrtinoifo  nhiooiw)  NHinai«) 

Tt  in  m  in  o  o  N  N  N  oo  oooooo 

00  00  00  00  00  00  00  00  00  00  00  00  00  00  o 


00  eg  O  O  co  *h  rj-  00  eg 

0  0  0*000  n  n  o  m  m 

!>■  >— <  ^  CO  CsJ  O  O  tJ-  00  CN 

OhhhN  eg  co  co  co 

O  O  O  O  O  On  O  Ot  Ot  Ot 


no^-oo^  m  o  <r>  o  o 

NNhOO  OiWOONN 

O  >h  ph  N  (M  eg  «D  ro  <T> 

00  00  00  00  00  CO  CO  CO  CO  CO 


tj-  i>-  — i  m  oo 
o  m  m  ro 
Nninoifo 
Tf  in  in  in  o 

00  00  00  00  00 


M  O  O  r^N  -h      oo  eg  in 

<r>  eg  eg  r-i  o  ©  o  oo  oo  i> 

NHino^  i>  o  tj-  oo  eg 

voi>i>r*oo  oooooo 

00  00  00  00  00  00  CO  CO  00  o 


o\«)NO*  oo     m  o  eg 

oomin^-  co  po  eg  i-t  ^ 

o  o     oo  eg  o  o  tj-  oo  eg- 

O  — i  -h  <-h  eg  eg  co  <r>  co  -<tf- 

O  O  O  Ot  Ot  0  900iO\ 


CO  00  N  o  o  m  ^  ro 

NnlfiOifO  NninOiro 

Ohhhm  eg  co  co  co 

0000000000  oooooooooo 


oo  eg  in  o 

NhhOO> 
NhioOiN 

tj-  in  m  m  o 

00  00  00  00  00 


ro  O  O  00 

o  oo  oo  r>  o 
o  o  ^  oo  eg 

ONNNOO 
00  00  00  00  00 


o  in  ^  co 
o  O  tj-  oo  eg 
00  o  o  o  o 

X  00  00  00  o 


o^nhw  oo  eg  o  o  co 

fONHrtO  OiOOONN 

ooTt-ooeg  in  o  co  i-i 

O  h     h  N  eg  eg  co  co  rl- 

O  O  O  O  Ot  oooo  o 


oo  eg  m  o  co  oo^nh  moegoo  co  t^.  i-h  tj-  oo  eg  o  o  m  i>  ctoornin  orooo<t 

■<*■  co  eg  eg  o  o  o  oonnoo  m  ^  tj-  co  eg  eg  ^  ©  ©  o  ooonno  in  in  ^  fn 

NHlflO\«5  NrninWN  VO  O  ^t"  00  eg  O  O  ^  CO  eg  OO^OOh  IOOKINh  mo.fON-H 

Ohhhn  eg  co  co  co  Tf  tj-  m  in  in  *o  o  nn  n  oo  oooooo  oohhm  eg  eg  co  co  tj- 

oooooooooo  oooooooooo  oooooooooo  oooooooooo  oo  oo  oo  oo  o\  aaooo  o\  o  o  o  o\ 


oo  eg  v©  o  co  N  m co  M 

oooooo  NNcmm 

n-htj-mn  o  o  ^J-  oo  eg 

O     --i  ^  eg  eg  co  co  co  tj- 

oooooooooo  oooooooooo 


rj-  00  ^  m  o 


—i  o  O  O  00  00  N  N  O  lO  in       co  co 

co^nh  moifONH  in  o  co  i> 

VONNN  00  00  00  O  O  O  O  O  —i  — i 

OOOOOOOOOO  00  00  00  00 


eg     o  o  Ov 
in  o  co  i>  o 
eg  eg  co  co  tj- 
O  O  O  O     0\  0\  0\  0\  Ot 


©  o  o  o  o 


©  o  o  o  o 

Q-lNfCj't 


©oooo 


©oooo 
<^  =-i  eg  co  tj- 


©oooo    ©oooo  ©oooo 

iftONCOO     o^N'O't  iflONCOO) 


©OOOO       ^^Hr-HrHT-l       ^  _h  ^  ^ 


eg  eg  eg  eg 


51 


eg  eg  eg  eg 


eg  eg  eg  eg 


OJ  eg  eg  eg  eg 
eg  eg  eg  eg 


5d  eg  eg  eg  eg 
^  eg  eg  eg  eg 


CO  co  co  co  co 

eg  eg  eg  eg 


05  co  co  co  co 

eg     eg  eg 


26 


W  H 

B 

to  5 
o  I 

w  a 

M 

W  o 
H  o 

^  1 

M 

El 

s  it 

8 

6 

I 


I 


rj-  co  <r>  cm  — i 

W  00  CM  O  O  Tf 

<u  tj-  m  in  o  o 

J3  Oi  0»  Oi  Oi  Oi 


VO       1>  1>  00 

Oi     o>  o>  o 


On      I>  O 

ooaaa 
o  o>  o>  o 


fONO^OO 


^  O  Oi  Ot  Oi 

Sd  •  ■  ■ 


v©  1>  I>  1^  00 
O  0>  Oi  o 


O  ^"1>  ~H 

m  CM  CM 
00  Oi  o  Oi 


rj-  ^  *h  m  00 

<u  Tf  in  in  in  o 
A  Oi  o  o  o  o> 


9       9t  0\ 


"H  ^  00  cm 

©  O  00  00 
Jt>  O  "4-  00 

00  Oi  O;  Oi 

01  Oi  Oi  Oi 


tj-  ao  <n  m  o 

NhhOQ 

o  tj-  m  in  in  o 
»c3  o  on  on  o  on 

§*•••• 


ro  vo  O  00 
O  00  00  t>»  o 
OOtJ-OON 
ONNN  00 

0»  Oi  0>  Oi 


COtJ-00 
00  Oi  O  Ot 
On  O  O  On 


m  a  n  o  o 

MOO^OON 
<U  ■'j-  ID  lO  lO  vo 


ro  1>  — i  tJ-  00     CM  ©  On  <"0 
CM  ~h  O  O 

oo^-oo 

ONNN  00  00  On  On  On 
OnOnOnOnOn     On  On  O  O* 


tJ-  <o  <r>  (N  CM 
WOOtOON 

a>  tj-  m  in  m  no 

.13  On  On  On  On  On 


rj-  00  m  O 
hOOOOO 

NOOTfNH 

vO  1>  1>  i>  00 
On  O  O  O  On 


00t^l>  vo 

00  00  O  On 
On  On  On  On 


O  O  O  00  00 
»nOO<*)Nh 

niNtinmioo 

J3  On  On  On  On  On 

Sd  •  •  *  • 


WOONOOi 

NONom^ 

m  O  <T>  !>. 
nOONNOO 

C?.  On  On  On  On 


ro  ro  CM 

00  00  On  On 
On  On  On  On 


N  O  tJ-  O0  (N 
NO  O  m 
BlOOfONH 

<u  rt-  TMn  m  no 

J3  On  On  On  On  On 


lOOfOvOO 
ro        M  rH 

NO  NO  1>  f>»  00 

On  On  On  On  On 


<<*-  t«.  ~«  m 

O  On  On  00 

in  oo  <n  no 

00  00  On  On 
On  On  On  On 


1>  n-h  m  00  CM 
CM  CM  «— i  O  O 
CO  m  On  co  t»»  i 
Urj-TtinirtNO 
On  On  On  On  On 

co  •  •  •  • 


On  On  O0NN 

NO  no  t>  1>  00 

On  On  On  On  On 


oo  cm  m 
no  m  m  Tt- 
oo  <m  no 

00  00  On  On 
On  On  On  On 


00  CM  m  On  ro 
00  00  i>  NO  NO 
W  tJ-  00  CM  NO  O 

a*  tj-  tj-  m  m  vo 

4h  On  On  On  On  On 


mm. 

Tf  00  CM  v©  © 
VOONN00 
On  On  On  O  On 


00  CM  vo 
00  00  o  o 
On  On  On  On 


kH  vV 


o  o  o  o  © 

QrtCNl«)t 

^  CM  CM  CM  CM 


©  o  ©  o  o 

5  O  IN  00  On 
Tf 

q-J  CM  CM  CM  CM 


©  ©  ©  ©  © 

—i  <N  fO  -3- 

iA  in"  in  in  m 

^  CM  CM  CM  CM 


IX.  TABLES  OF  EQUIVALENTS  FROM  1  TO  999  UNITS 


27 


28 


! 

l|i|gSI3IE  IBiHilil  iSiiifftU  UsiilliK  »=8iP?«s 

«fflSMttE  EE!iffitt«i  ilniiHM  MIMMItt 

OHMCO*  UHO^OOW       ©HN(«)Tf  UHONWW       gHNW*  iflvOf^OOOl       JiHNfl)'*                                 5^N«*  in  lO  N  00  Ci 

g                 5                 8                 '  3  3 

! 

llllllllll  llllllllll  ilili 83391  llllllllll 

iihh^h           ig^s^  Mmmm  ummu 

CO                                        00                                        00                                        00  00 

S53883  S3888   SSSSSSSSSS               SSSSS   SBS88 SBS8S   ¥*3S£8  SSggS 

Ulgglslgl  IslsSaSSIS  HlsSf-sis  SI5?SsSsIS  sssfEssIgg 

§§§§§§SSSd  ^sssssssg 

r__.«  r__..          r„„.„.  I~« 

RRSRR RRSRR   RRSRR R2SS8   82828  82S?£8   82££S  SSSRSS   SSSSffi 82g§8 

IslglslssS  ISSsSsgssg  ss2|g8|s;g  ggRssssRsg  ggsggggggs 

ssssggssss  s§sl§sssss  sis§sssss§  gsssssssss 

r__„„  r„„™  r— .....  r«-..-  |~ 

i 

82SKKSSSKR   33SKBR23KK   R2SHS  R2SS5R   RSSSKR  828ER  8288R828KR 

IglsSaSSIS  isssssSSla  I§s;S1r§I§  slSSglsslg  SlsgsSSgis 
gg&g          SSSSSgSSSS  SSSssSSSSs  gg&g&gj 

j 

lilllli  llllllllll  Hill  Hill  1111111111  Iftttilti! 

S~33SS3  SSSSSSSSSS  §§SSSSSSSS  2S222S2SSS 
r„...M-  r— «...  r__..  r-„..-.  r„„.M. 

! 

llllllllll  llllllllll  Wmim  ililiilliS  llllllllll 

r„™.„.  g-.,™.  j-.,™..  r..^».„. 

i 

llllllllll  llllllllll  llllllllll  llllllllll  illlllil 

SSSSSSSSSS   SSSSSSSSSS  SSEKS 

§            si            §            £  a 

iiiiiiini  iiiiii  iiiiinin  iiiiiiiii  1111111111 

^555^5^ 

I  |  5             i              8             i  r 

lilllli  illlllllll  liiillllll  llllllllll  llllllllll 

b'-J^riciei    co^^^^ui    ^vd^^odcdod    ^SSSSSSS  SSSSSSSSSS 

29 

IIIIIIII  iiiiiiii  IIIIIIII  IIIIIIII!  Iiiiiiii 
mm ssggg  gsss*ggggg  mmiMM  mmtm 


IIIIIIIII  lllilillll  llllllllii  llllllllll  IIIIIIIII 

MttMtift  ftMMftti  sssgsgsgss  ssssiigggg 

r  i™ —  r— *  r — •** 


IIIIIIIII  llllllllii  1111111111  iiifll  111111111 

§§§§§§885*  5S8S8 88888  ftttMMft  HMMttft  tfftgftft* 


llllllllii  llllllllii  Iiiiiiii  lllilillll  IIIIIIIII 

§S§SS2S1I8  llililisgs  ^s|s§8||8  sssiisssss  sssgggg^g 

r~**™  §-—  |~  r_*„.* 


1111111111  IIIIIIIII  llllllllll  lllilillll  lllilillll 

sssglSSSSS  gSSSSSSSSS  gSS'^SSSSS  SSSSSSSSSS 

r__..  r~*™  g— * 

lillllliil  IIIIIIII  IIIIIIIII!  llllllllll  llllliiiii 

SSSSSSSS§§  2223232222  2^22522222  2222222222  222SSSS23S 

tr~**-"  r— —  r**-*^*  |~  r^*^-* 


llllllllll  IIIIIIIII  Illlllli  llliililll  1111111111 

«§§§1I§§1§  §SS§§=552S  S22SS5S22S  22222SSS22  3SSSSSS333 


mil  mi!  llllliiiii 

i  82.29616 
.    82. 60097 
!  82.90577 
I  83.21057 
{  83.51537 
i  83.82017 
i  84.12497 
'  84.42977 
J  84.73457 
)  85.03937 

>  85.34417 
L    85. 64897 
I  85.95377 
J  86.25857 
I  86.56337 

>  86. 86817 
)  87.17297 
7  87.47777 
3  87.78258 
)  88.08738 

►  88. 39218 
L    88. 69698 
I  89.00178 
J  89.30658 
^  89.61138 

>  89.  91618 
5  90.22098 
'  90.52578 
i  90.83058 
)  91.13538 

r 

1 

1 

illlill  iiiiiiii 

I  51.81610 
.    52. 12090 
!  52.42570 
\  52.73051 
\  53.03531 
i  53.34011 
)    53.  64491 
r  53.94971 
5  54.25451 
)  54.55931 

>  54.86411 
I    55. 16891 
!  55.47371 
I  55.77851 
\  56.08331 

>  56.38811 
)    56.  69291 
1  56.99771 
1  57.30251 
)  57.60732 

>  57.91212 
L    58.  21692 
I  58.52172 
I  58.82652 
\  59.13132 
i    59.  43612 
)  59.74092 
'  60.04572 
i  60.35052 
)    60.  65532 

x   

s 

illlllllll  llllllllll  llllllllll  lllilillll  lllilillll 

S^SSS^^   22222  S°^d                             ^SSSSSiS^  ^^^g 

P  '   

30 


1 

lillllill  lllillllll  Illiili  lillililll  mre 
§HsiHsis  $mmm  muttm  mumm  mnu&& 

nnnnn-nnW   ^nnVw«bVm    nmVnnnVmnV   Bconnn  <»  mmmn    nVnnn  mmmmm 

i 

r~  |~  r«.™-       -  r~™~ 

i 

lllillllll  lillililll  illlililll  lllillllll  §§§i§§I§il 

mmmi  mmmm§  mumu  mmmm  mmmm 

i 

j—..,...  g-„««.,  r—™.  =— ■  g—™-. 

l 

lllillllll  lllillllll  Illpillll  illiilli  lllillllll 

imtmu  mmmmi  Mimmi  mitztm  mmiimm 

esT  cvT  n  pT*«  ^caVfe?  csT    nnnnnnnVnn     n^nnnnnnn<;    NNNcaN  n'mYMn'  p? pf p? «Tef  c«n p? pTcf 
*                                 fc»                                 S                                 t?  t? 

s 

to 

lllillllll  lllillllll  liiiiiifi!  liliiliill  lllillllll 
mama  ummm  mmm$  mmmu  tmiwm 

^•vr^^-r^ ^•vr.n.-r  <sr n nnn  pjvf nnn   nc«c«nn  pfofpiViVsr  c«*i*i<iv«  pfc*pJpToj  nVnnnnnnnn 

I 

r„„™  r~  r~™-.  |~  3~..™- 

1 

llillill  lllllllill  illiliiiii  miMUm  MMM% 

igiggiiili  ggggiiiiii  |ggggg§ggs  ggggsgggsi  sEsggigggi 

^-v^vr^  .-r^-v^-  rt%^,4vr  r4v?,4v^  ^r^r^r^r^r  .^vt^vjvh  ^r^r^-^r^-  ^r^v,-_r_r  rivivr  «  _r  « 

i 

r„„.M.  r~  §—™  r»»™  r««-..« 

SSSSSSSS8S3   SSSEg£SgS2   gSSSS E88SS  SSggSSSSSS  SSS^gSSSH^ 

ssISsssssl  SSIIlsssll  §s=gssss<§5  s§§ll£s5ls  IsSllgsSsI 

gssssigiii  mmmmi  mmmm 

i 

! 

ggsssgggsg  ggsssgsggs  gsggggsgsg  gssgsgggss  s^ggssgtgs 
gsslsigSlE  l§§ls§g§°§  ISsgisSsSI  ssgsllllil  isssllSISl 

mmmm  mmmm  mmtm  mmmm  mmmm 

^r^r^r^^  ^r^^r^-^r  rt-^-\-,-vr^r  ^r^-^r^r^-  ^-v^v^  „-_r^~,-r^  _rrt-^r^-rt~  .^.^vjv?  ,_r,-r^\4vr 

£                 ~                 a                 a  = 

I 

SSg£8gSS8£   §S5g|^|SSg   39§£SSS£§£   SSS^gSSggS  8SSSS£:-§S5g 

S§§slg§fss  iiSsisSlis 
gggsgggggg  ggg&g&gg  BBftil&&s  glilililiS 

i 

r_™  r,~.™  r-.„™ 

i 
I 

32g8SS82gS   SSSEgSSSSS   gSSSS  SgSSS   SSiSSS  SSSSgSSSSE 

lil§l$ll§s  IE§5sgRgS3  llsSSIPIS  SSISSSSSSi  sSlSISlgSi 

iMuimM  muffin  Mmmm  mmmm  mmmm 
r_,_  r,MM^.  r„__  r__„.„„  r__„... 

i 

llllllli  lllillllll  llillill  lllillllll  lllillllll 

^^S2^S   SSS^^^SSSS   SSKKSSSSsiS?   SSS|d  S^S^SSsI 


31 

iiiill  liilii  1111111111  ilillll  1111111111 

SSSSSSSSSS  gpsgpiig 

co  co  co  co  co"  co"co"co  co  co     coco'co  coco  coco  co  <rT  co     coco  coco  co  coco  coco  co"    co  co  co  co  co  coco  coco  co     co  co  co"co  co  co  co  co'crTco 

r__™  |— « 

mm  mill  mm  iiiimii  iiiiiniii 

iggiiii5=§  sissssiiis  ssiisissgg  yggliisiss  igggggiHi 

mm  mini  miifK  iiiiiiiiii  iiiiiiiii 

|gE|SSfg||  SlllsgSSSS  g^SS^g  gsgssiggsg 

nm"nnn  nnnnn     n  cJcJcsi  oT  cf  N     cvef    nnnn"nnnnnn     nnnnnnnVnn  nVnnnnnnVn 

r—™.  r-r-..M  r^,«^.„  ip^— „.  8~^-» 

llililllll  filill  ISiiililil  IIIIIIIII 

ss£ss5ggsi  siiisssgss  sssisggsss  ft'g&IMtt 

CS?~  CvToToT  NNNNN       NNNMN  cJncJnV      NNNNN  NNNNN       nn'n  cics?  N  cicjci  esT  NNNNNNNNNoT 

r  r— I--- —  r~.~  p--^ 

mm  iiiiiiiiii  lllllllil  iliillllii  llililllll 

iiiiiiiiii  iiiiiiiiii  iiiiiiim  iiiiiiiiii  iiiiiiiip 
r„,„.„  r„.„.„  rw,.„.-  r  r.„..,>,r 

mm  iiiiiiiiii  iiiiiiiiii  iiiiiiiii  iiiiiiiiii 

^|||i|i||  iiiiiiiiii  i||s||||||  ||s|||||iS  §§pi§ff§ 

§-„„„,.-..  r^^^  r^^^  r^_^ 
Iiiiiiiiii  llililllll  llililllll  llililllll  iiiiiiiiii 

232SSi§S5£  S5SS5S1S§§  SS§SSS^SS  gS8g§Sll£g  mMiMMi 

r„„^^  r„^_ 

IIIIIIIIII  llililllll  llililllll  llililllll  liilii 

mmrnt  mmmm  mumm  mumn  utitimi 
r„.w„ 

mm  llilllliii  llililllll  llililllll  lllllllil 

mim$m  muum  m^mm  mmmm  mtmm 
r-„,.«.  p.™..  r««™.  r„„.™  r-w,^-. 

llililllll  llilllliii  Illillll  liilii  llililllll- 

SiiiiSSSSg  ftttHttM  tftttt&gft 


32 


ii 

IIIIIIIIII  ISIiSSSili  liiiliilli 

j^,j\4vr  ^^.jvw  m^*?  ^-vr^_r              jvr,j,jvr  ^-^-^r^r  _r^-vr.-<%<~  mm  j  j  ^ 

1 

si 

IIIHIIIII  siiiiiini  lillislill  llliliilil  lliiliisil 

Hissggsis  isiiisss^           mmmu  mmma 

^-^^r^-^-  .jvr^jvr  ^-uvr^vr  ^vr^-vr  ^r^-^r^r^r  ^vr.-r^r.-r  ,4vr,jvjvr  ^vr-r^  ^  ^r^-^r^r  ^r^r^-^-^r 

1 

s 

r""*"^-  r~""     i~  §  |-.^.-— 

is 

af 

isssilslll  llllllllls  lliillllll  IIIIIIIIII  iliiilglli 

,4\hVT,hV* j^,H-\4vr  r^-H^^r^ ^TrHrt ,jvivr,jv« ^-^r^r„-  ^■VH-Vn'vr.H ^•^rTH-^r^r  ^vr_r_r^r *?m _r - 

1 

r-.™..  r<rv._  g-r-r--- 

illlllllll  llllllllll  liliyiill  I!l!lll2ll  lllllllgll 

ssiisggggi  mama  mamm  mmum  ummtt 

1 

r"-™*  f""™*  r""rr^'  r""' F-""*™* 

ii 

llllllllls  llllllllll  llllllllll  llsiiniii  Illsllllil 

imzzim  mmumm*  tmtmu  urn  am  umma 

I 
S 

rTT  i™™  |~  r»«™.  rm«*.«. 

■  e 

sssssss5ss  ss=sasssgs  sssassgagg  sascssss?s  sssssassss 

SSSigSgSSgSK   SSSSSSSSSS  SSSESSSSg?                           =  KSSS2KSgSS 

mamm  ummu  ummm  mmmt  imam* 

r„__  r_           r"""""*""  r"""- 

if 

ssasssssssa  sssrssssss  =s§gsssssss  sassssssss  sssss sssss 

SSSSSSSSSS                           SSSSS  SSSSS  SSSSK25S8S  SSSgSSSSSS 

giisiigiii  mmmzz  mmmm  mmmt  mmtm 

§ 

fT^T  f^*™*"  i~  r*~™.  rT**"" 

M 

SgSKSSKSSS  Sf322SS§SSg  SftK?SS!Q23S  SSigSKSSKSS  ssssssssss 

ssssssssss  Sftsasgssjs?  ssas?2ssss  ssssss  sgsss  ss«ssags=s 

immmui  Miumm  mama  mmm*  imnmm 

1 

r-~™                        |~»»—  FM"""^"" 

1  2 

« 

S£S3£SS88S                             SSSSS  22gg!8  iggKSS 
SS£££gS5Sg;?   SSSSSSSSSS   2SSSKS£8g:S   £SS3SI2£$53gS  S£S2£Sg£2g: 

s^^iiiii  gram* 

I 

ii 

to 

I 

IIIIIIIII  llllllllll  llllllllll  llllllllll  llllllllll 

^zzx^sz  sss^s^?^^  ??«is?sssiS3's  sissssk^k^s 

33 

llllllllli  IIIIIIIIII  llllllslll 

mmmm  ammm  mmmm  mmtm  mmmm 

r^T^  r„,r... 

iiisi  11111  iiiiiiiiii  siiiiiiiii  iiiiiiiiii  iiiiii 
sssssgssis  i^iiiiiii  ummm  mmmm  mmnmi 

rf^rfrf  ^tJt?^      ^^^^  _T  ^i-Tr-T^      ^^^-^T  ^r^T^^      ^r^"^-  T4VH"VJVr,j      ^"N^"^  ^VT^r 

r^-™  r~  rr- 1~  r~~™». 

ISiliSIEli  lllllllill  lillilllll  llllllllli  If §!!!!!!§ 

iisssssggg  e^sssssss  ssssssssss  mmrnm  mtumt 

^%r^r^-  jvjvwvt  ..r^vr^r^  j^wvjvt  .jvr^jvivr  ^•vh'vw  _r_r^,-rvr  ^-v^^*-  ^r^r^-^r 

—  %—         r**""™  r"~ 

lllllsfsll  Illlllill  lilillllll  1111111111  llllllllli 

iiiiiiiiii  §§§ii§i§§§  §§§!§§§§!§  M!t§#; 

r__„  r™-         r„ —  |— 

llllllglil  lllllllill  llllllllli  llililllll  llllllllli 
iiiiiiiiii  ittii&ftg 
r__.„  r«™«.  r^,-.M.  r«.„.«.  |~ 


lllllllill  lllsslllll  lilillllll  illlllllll  lllllllill 

SSSggSSSSS  ggggHISSJ  gggggglggg  IggggllSIl 

llliilllls  Illlllllll  llllllllli  llllllllli  lllllllill 

g^sgggjgg  mmmrn  mumm  mmmm  mum® 
r""r—  r~  r»»—  r-~™  r*"*^ 

llllllllli  llllllllli  Illlllllll  Illlllllll. Illlfglill 

1111115=55  lISSIHSSI  ?SgSS?ISSi 

lilillllll  IlslllllII  Illilillll  Illlllllll  Illlllllll 

ggggggsgsg  ssgjsggggs 

r** — 1——  r""'"^"'  r~  r~™^ 

lilillllll  llglllllll  Illlllllll  llllllllli  Illlllllll 

iUMiiiati  ssssssi§§=  §§3§3S§§22 


34 


1 

illlllHl  IlilPBl  PIPIilli  iiiiliiiii  Eiiunui 
§§isss^is  iiUMiiu  tmumm  mmmt  mumu 

41 

%—  |~                         r»-.«»^  g^p- 

09 

i 

ssllssSissI  ssSssSgglS  §Ss|iI2S?S  IslSsssSlI  sSsssslISS 

ssssiiisii  MMimMi  mmm*  m&tem  umum 

H 

i 

if 

ll|li|||a|  lllssgHII  s|115SS|P  sSipsillS  ftSsssgSss! 
sssssss sssss  as?sss;§s3S  ssssssssss  ssjssssssrs  ssssssissss 

mmum  mmmm  tmrnm  mmmm 

r — g — r~  rr*  r**™ 

CO 

1 

SsslSllSg?  SUsSs-sil  gsSIisgllS  sssggsgss?  gssfspsss 

3?SSSS!ffiSR5   8SaSS3SSSS   SSSSsSSSSSJJS   SgSSJSSSSS  £S!SS£5?SSS 

isississii  AMttftttf  mmumt 

i! 

mr-  r— r~  r~"r"*  r"*r~  r™ 

1 

IsslsSsSsg  sllllillH  §§3|p§|if  IsisSISlII  SSssSSSssS 

§sss=e3ssi                   immm  mmuu 

a 

r~~*~~  r~  r~™.  r*"**™"  r— 

i 

wmNuno  won^h     oo  ^  ™  a\  vo  co  o  £. ^     S2     ^  2  £  53  9  S:  2;  IT1     S"1"^^  nor- jh  a^NjjipnoNVH 

Illillilll  Illlllilll 

ssssgsssss 

if 

"#  ^ 

s 

ooioiMonD  «>on*h    <%'£><2g>^D  ^SE^"*;^    °°)0™!2i'£.  ^'SSrSr1    S9  !2  ^  °* 10  00  S;    2:  -1    »u1"0'*  mots^^ 

Illlllilll  Illlllilll  Illlllilll  Illlllilll 

gSSSSSlSSS  gSSSSSSSSg  gsisssssss 

a! 

eo                            M                                                         o-i  ec 

1 

II 

CJwOMOt^  *rH0OiflN       0>  VO  CO  O        Tj-  i—*  CO  lO  CN1       OMO  «  O  N  TtrtOOUIN       OwO  CO  O             rH  00  in  <N>       OMOtOON  ■fl-rtCOVlN 

Illlllilll  Illlllilll  Illlllilll  Illlllilll  SglllllllH 

ssssssssss  iszMMiM  mmiiiii  immm 

8                 Si                 8 '                 S  3 

I 

OMO(OOI>  -J-rtCOVIN       (JlDMON  TfHMinN       OHO  «  O  N  *  rn                      W(0«0t-  ^rtOOWJN       0\  VO  CO  O  t~-        -5  00  IO  C4 

Illlllilll  Illlllilll  Illlllilll  lllllllill  Illlllilll 

SSSSSSSSSS   gSSggSSKSK                                                       SSSSS  SSoisiSi 

ii 

H                                          H                                          H                                          i-l  H 

1 

111111111  Illlllilll  Illlllilll  Illlllilll  illlllilll 

---------  ^^^-2^ 

if 

35 


liiiii  Illllllli  1111111111  liliil  illllli 

mmmm  mumm  mmmm  mmmm  mmmm 
j-.,™.  r„M«™  r__„ 


illlili  llllliilll  llilllllll  Illllllli 

sssmsh  ssssssgggg  imumi  mmmm  mmm& 
r«.„.««  r,-,-.M.  g™™.  r„„™„«  r^.«.... 


liilllllli  1111111111  liiiii  llllliilll  1111111111 
iisiiiii§s  &g&g&&  §5iiisggg|  |gg||gg|||  mmmm 
r«„,.„.  r-*M«.  r^..„.  g-MM.,„. 


llllliilll  ililil  llllliilll  llllliilll  llllliilll 

llllliilll  ||===g=5gS  gSS5lg|IS|  gSSIgggggS 

r„„-....  r— r«„-„-  r-.„.M.  r„„„ 


Illllllli  Illllllli  llllliilll  llilllllll  liilllllli 

mama  mmmm  tmtmu  amttm  mmmm 
r>™.„  r-.„«.,  8™..„.  r„,_™ 


Illllllill  llilllllll  illlllllll  Illllllli!  llilllllll 

SIIMHI]  M&iMMtt  MMMftfti  Illllllli  mmmi 
r—MM.  |~  §^^.,w  g— 

llllilllli  Illllllli  liilllllli  illllli  Illlllllll 

Sgg^SSHi  SSSSSSSISS 

liilllllli  Illlllllll  Illllllli  Illllli  Illllli 

SSSgsssssg  s§ssg§SS£B  SSSSSSSSSS  ggSSSSSSSi 

r„._  r_._  r""**^  §— 
lllillllll  illllllli  llllliilll  ilillillll  illlili 

asssssssis  8§§s§l§§§2  SsSSSSSSSS 

iiiiiniii  fiiiiiiin  liiiii  liiiii 

^SSSSSSSS  SSSSKKSSSS  SSSfcSSSSSS 


36 


Acres  Hectares 

Until  liiiniiii  iflffiifl  iiiiiiiin  iilliilili 
umumm  unumi  mmumi  $mum$  umum 

r*1"""  |~         r«v™  r--T... 

1 

mMWm  IIIIIIIII lilliii  iliilllil 

Htttifltfllti  SHSSSIliS  SSSgggssss  sssasssggg  goo5g,^„g 

I — ? —  s— |~  j™-—  i—**™ 

i 

llllilllll  Ilflfltlll          lilliii  lilillil 

gsgiraii  sggigsissi  g^Mis  mmmM,  uiMimm 

t-                     t-                     t-                     t«  t- 

! 

1111SII1I1  llllilllll  lilliii  llllilllll  Iliillii 

SSHSglggg  ffitiMMft*  fiMMffiflM  g^llS^S 

i 

IIIIIIIII  llllilllll  IIIIIIIII  llllilllll  lillliil 

isgglillll  s§=5gg===s  gs^s^g 

r^r-  r— r*»«  g~~. —  i — ? —  ! — r~ 

fssssllsll  SlSIsSfssI  lsla§§§~sl  silsSlSsss  SIElSSSsl? 
sassgsassss  gssasssKss  gsssssssss  ssssssssss  sssas sssss 

sggsssssss  sgsssgsgss  S§g5S££BSS  SS5££S££SE  §§§SSgg§33 

r_r„....  rM„«-M.  r„„«„  r-^?»..  |~ 

slislSsslls  lesSalSsss  lllissiass  ISslsisSSl  glsgg=s|s§ 

fsHSSSSSSS  SSSSSSSfSSS   Igls^SgSRS   SgSSSRSSSS  SSSSS 

SSSSSSSSSS  3SS§SSSSSa  BSSSSSSsSg  sgsssgsssg  ssssssssss 

Acres  Hectares 

ss§2§lslll  ssaslgsSSS  SSgsSSIsIS  laSSssglRl  iggisgsgss 

gSSSjES  88833   38888  SSS'gg  SSSSgSSSSSSi  88833              SSS88 gSSfg 

r««„«.  r~ ™_  r-.„.«-  J--.,™.  rr„™ 

SssasaSSSI  lllsslasss  SSssSsssll  slggisgggs  llSisssssf 
IsasssssssS  sfsSsSssgis  ssaasssaSs  ssssa  sssssq  sssassslsl 

H                                             H                                             H  H 

OlNlDin  ^NHOW       NvDintON  HOOONkD       If)  (T)  N       W   OO^VDThrt       NrtO,Kll>  ul^nNO       ffOOOUl*  nnOClW 
lilliii       lllllUlll       lllllgllll       lilillil  llllilllll 

dd^               **********    -»^222^  SSSSSSSSSS 

37 

ffiliil  1111111111 iiliiniii 

amum  munm  mmmu  tmmm  mmmm 
r..,™.  r^^,„„  r„._  r«,-«. 


Iliililill  lilllllll  lillill  1111111111  ililllll 

tttttfti&M  gggggggggg 

p.™.....  I — - —  I—  rrr~~; 


until!  lilllllll  lliiiiUli  liilllllll 

liiisisssi  Stttttttfti 

r-*"--"         r*""*™  r— -«  r*«™». 


Illlllill  liilllllll  Illllillll  lilllllll  liillllill 
$mm  mmmm  mmumm  mmmm*  ummm 

i™r~  i~  g----. .  r*** —  r— 


liillllill  ililllll  liilllllll  Ililllll  lilllllll 

^ssssss  a'sasSgssss  ssssssesss  §§§§§§§§§§  MMgftgft 

r:!.~„  g—™  g™ ......  g™-™ 


liilllllll  lllllilll  lilllllll  ililllll  liilllllll 

iSSgglgsss  SgSSSSSSSS  IISSSSSsss 

r«.-»M.  g™.™  r„„™»»  g™...«.  r«™«. 
iililiii  giiiiiiiii  iiiiiiii  iiiiiiiii  iiifiii 

SSSSSSSSSI 

r~™  r™  g-^.,M.  8«..w..  g~.™w 
liilllllll  liilllllll  ililllll  liilllllll  lliliillll 

l§§i§§§iSl  liisigsgsi  §1§^23533  SSSSSSSSSS 

r~--—  |~  r— »  g—  g™-™ 
lllllilll  liilllllll  liilllllll  liillllill  lilllllll 

SS3S3SSS3S   ISBS«SSSSS   SSSgggKSESS   SSSSS  SSKSS  gRRggggiggg 


liilllllll  illllil  liilllllll  liilllllll  lilllllll! 


38 


I 

s 

llSsSSggog  S53§g§Si;gg  ISggiSSSSS  ISI?SSSSI§  ssSsSSsIfl 

MMiM^a  mmmm  nmumm  ammm  mmmm 

NNNN  N  NcJnoT^"      (JmVnN  NNNnV      CM~N  N  CM~N  NNNNN       NNNNN  mW  MM  M      NNNmV  MMMMM 

«                                   S                                   «                                   fife  A 

! 
I 

lillllllll  lllllllili  lllillilii  ilililliil  iiiiiiiisl 
ggggggiiii  iiiiggiggg  gggggggggg  gggggggggg  gggggggggg 

;4VW,4VJ  ,JVW,4VJ     NVnNN  MM  N  K  <£     NNNNn"  NN"N"NN      M^MMMM  MMMMM      NNNMM  MMMMM 

S            3           1           '1          *  1 

! 
! 

S1HHS188  lllillilii  iiislliiil  sIIIIIIIll 
sggggggggg  mtmm  iiiggggseg  mrnnm 

p                 C                 g                 g  s 

! 
1 

^OmO^W                                    O^-^CON   N\DrHinO\       Tt-OONt^iH   00^0\fO        OONvOHin   O^OOflt^       NOOl/^CJv  rt-OONOtH 

iliiiiiiii  mining  iiiiiiiiii  InilalH  88l8iib« 

assises  mm  mm  mm  mm 

3                       se                       e                       e  S 

! 

i 

iiiiiiiiii  mnmn  nmmn  nmmn  mmnMm 

mm  wmm  mm  mm  mm 

r„„.„.  s~  p..™..  r„™.«  |~ 

! 

i 

lillllllll  Ifflliffl  lllillilii  lillllllll  inn 
gigggiggii  mmmm  mamm  mmmm  mmm* 

r__»w  r„™»«  r«„....  r„„™  r__. 

I 
I 

1 

H 

lillllllll  lillllllll  lliillill  liilii  ililill 

ggllssgggg  gggeeggggg  gggligggig  gggdisgggg  iiggggisig 

~      <M  CO  ->f  ITHONOOOl       ©HN!<)*  IfllO^OOOl       ©HNOtC  lfl*>00O\       5-lN«-«-  vnot^ooo\       a^Nto*  10«M»O 

I 
! 

lillllllll  lillllllll  lillllllll  lliillill  lillllllll 

iissggisss  ssssgsgsgs  mmmm  mmmmi  mmmm 

r.V™.     g™-™     jp,^.^-,     p..*™-  jp^..^. 

1 
i 

lillllllll  lillllllll  lillllllll  lliillill!  lillllllll 
gggggggggg  gggggggggg  mmim%  mmtm  immm$ 

g— g-— ™. 

FH                                                               PI                                                               F"1                                                               P^  ~ 

i 
i 

lliillill  lliillill  lillllllll  lillllllll  lillllllll 
ssssssasss  sssssssssri  gggisg ssgsss  sssssd^ss 

39 

Illiilllll  111111111!  lillllillS  llllili  iitiif 

SiSMlSg  ggggssgigi  111111351=  mUmM 

iilililili  Iftilifllt  IlillHII  lillilllli  Illiilllll 

8§§SS3SS§3  SSSSSSSSIS  §22SS33§§S  S§S3i<§§S*§ 

r—  r~-—  r-—.  r.~,,»,«  r, 
iiitlilil  till  fill  IliiillHI  llffllii  ifllift 

ssiiiiises  giiiiliiiii  iiiig§sl§i  §§§i§iilH  §i§igiiigg 

.jwjviv?  .jvwvjvi^^jvw.j  ^^^.^jvsvwvr  ^-^vr  ^-^-^-^  ^-^^r^- ^r^-^- 

Illiilllll  Illlliill  illiilllll  Iilililili  Illlliill 
igsiiiss§i  imumm  mmiim  tmmm  mmzm 

+frt9tJfwfw?rt*tr?Jt     rf^rfrf*?  ^fM^^     M^-rf^t  ^fwf^f^^     rJ~~rJ~  ^VT,hV«-     ^^^^^  ^^^^^ 

liillilli  Iiiiiiiiii  illlliill  Illiilllll  Iilililili 

SSSllSlilSj  IllSililli  SSSif 

^rfrf^Tj  ^^^^^  .jvwvJvy  .-r^vr.-r  ^r^^r^r^*-  ^r^-^-  ^r^^r^r^-  -r^-^-  ^-vr^^r  ^r^-^r^r 

r— —  r„„„„„ 
liliiiiill  illlilllii  illiilllll  lilillllil  ilfllH 

SS§§SSSSSS  <§§SSS§1§§§  S=SSS3S§§8 

^,wvHvr»«v*vwvr  ^^-^wr^r^^  ^-^^r^- ^-^-^r  ^-vr^-w^r  ^%h-vt^-  ^^%h%m^%jvt.j\j 

r,.„.„  r„.M,..,.  r„,„.„  r,„,.„  r„,..„ 

Illiilllll  illlliill  Illiilllll  Illlliill  Illiilllll 

liisseiiii  iiiiigiiis  gisiigggii  ammmi 

r^^~  r„^^  g^.^^,.  |—  r^».^.. 

illlliill!  Illiilllll  Illiilllll  llililliil 

s§§§§i§ssi  sisigisiii  iissgtiiis  siisggggss  ssssgggggg 
r„^„,.  r„,«>„  r^^.»  r,,.^,  p.-,..- 

iiiiiiii  iiiiiiiiii  niiiiiiii  iiiiiiiiii  iiiniiiii 

mmimm  mmmm  mmmm  mmms  mmmm 
r__„  r„.,..„  s^,,..,^„  |-^-— 

Iiiiiiiiii  IIIIIIIIII  Illiilllll  IIIIIIIIII  IIIIIIIIII 

3S§§33§§33  SSSSSssssi  sSSSsSSSSS  Sf§i§g«gs  ftjjttttft* 


40 


SI 
if 

!! 
If 

sisSssHls  ISSSSSssbs  IsilsaggsSS  iiisslsssS  SsSgsSSSSs 
sis§5ss§^l  s^ilsssss  SSSISsissS  llSSilssas  §isg£SS§i* 

mimmm  mnum  mmmm  mm*m*  amum 

illlllllll  lllllsllls  IIIIIIIIII  IIslllslII  lllllllll! 

sggsgsiisg  mmmmi  mmimm  mmma  amaat 
g-r-r-  s—  |rr~ r~  g  ;  |~ 

II 
If 

vT^KSSSSEgS                 g^^SS    £8£SSg2KrS£    S££S22£££2  KISSES 

iiiffiini  iiiiiiisii  iiiiiiiiii  mmmmi  iniiiisii 
mmaa  mama  mttmm  mmuM  muuus 

if 
it 

IIIIIIIIII  IIIIIIIIII  IIIIIIIIII  IIIIIIIIII  Illillllll 

|g|s|g2i|2  |sssg||5Sg                   ggggigsggg  Sf|?|?||g| 

11 
If 

IIIIIIIIII  llllllssll  lliillliil  IlglsIIIII  Iflsllffls 

mtmm  ttmmtt  mmmn  tmmm  mmmm 
r— — -  r—.«-  r<.-™..  r-.«™ 

Cubic  Cubic 
yards  meters 

lliillliil  lllllllll  lllllllll  IIIIIIIIII  iiiiiiiiii 

iSgiiSlsss  a&giftftti  titftttttfti  Mtftfttftti  tifttfft&g 

11 
If 

llflili  lliillliil  illlil  lllllllll  IIIIIIIIII 

MftfttfffiM 

II 
it 

lliillliil  lllllllll  IIIIIIIIII  lllllllll  IIIIIIIIII 

3S2Msss             ss§§ssbs5s  ssssssgssg  &mmu 

Cubic  Cubic 
yards  meters 

lllllllll  lliillliil  lllllllll  lllllllll  lliillliil 

SKfifsagsssss  ssssss ssssss  sssssissssgi  a§gss§ss§|  sgsss^Sgs 

11 
if 

lllllllll  llilllil  lllllllll  lllllllll  lllllllll 

cMlri^d*   -oiadH^                              SSSSSSSiSSiS)  ^^SS^ 

41 

Minna  iiiiiini  iiiinii  iiiiiiiiii  iiiiiiiii  I 

§SSSgSSSSS  SSSggggggg  ggggSggggg  gggggggggg  gggggggggg  J 

Ohnm*  io*Nooo\     ^hnmtj-  u->  *o  i>  oo  o\     ©hnmi-  vnoi>coo\     ©  t-h  cm  co     m    t-»  oo  a\     ©  r-i  r<i  cr>  ■>*•  \r>  vo  t-»  oo  o\ 

s  s  s  s  t 


lilllillll  Itltilf  1111111111  Illlil  Illllllill 

tftiMftft  SliSgSlllI  SHglggggg  ggggSlSggg  ggSliliglS 
r__»  r— ™-  r___„„ 


Illllllill  IlilliiSIi  Illllllill  Illllllill  lilllillll 

ssssssggss  ^sssHgsg  NtiMHtf  ^siiiiiii  iiiiigiiii 
r—™.  g™™.  g  ~*  r—™* 


lilllillll  IIIIIIIII!  lllilill  Illiilll  lilllillll 

issilissss  siiiiiiiis  is==siisis  i§sMsh  MimmM 

r«..™.  r„,™  g™—..  8™™.  r— ™. 


Illllllill  lllilill  lilllillll  lllllliill  illllllill 

Jtttttttfft  §S??51!?5S  3ilSI|f||?  mMUm 
r„__  .....  p..™.,  r„„-M.. 


lllilill  Illllllill  Illllllill  Illllllill  illllllill 

MftfMiM  Hfttfttft* 

lilllillll  Illllllill  illllflili  lllilill  IIIIIIIIII 

SlllgSSSSS  gttfttftfM  MttMMM  HMtfftttJj  gg|83|gse 

r^"*"?  r— r~^~.,  r„^^  r— 
iiiiiiiii  iiiiiiiiii  iiiiiiiii  iiiiiiiiii  lilllillll 

SS§SS5SSSS  SSlssiISgs  |§§li§g=§s  «gggggg|§  ggflftftftj* 

rw,,,^„  I — r~.,»^. g— 
Iiiiiiiii  lilllillll  iiiiiiiiii  lilllillll  lilllillll 

39SS3SSS9S  SSSS§S2222 

Illllllill  Illllllill  Illllllill  Illllilll  lllilill 

^SSSSSSSS   SSEESSSSSS  SSgSS 

rNM^^ww  rw  r«^^*>e»  s^«^*««^«p« 


42 


lipSssiSl  ssaSlsasss  sSSSslsall  sSlSglSSsI  §;lls«ssgs 
ssssasasss  sasasiesssg  sssaasssRS  assss sasaa  sRgss8ss§a 

sgssgg^gg  aunmi  mmm*  mmm*  mmmi 

r........  r........  r........  r. .......  r........ 

II 

II 

sassssssssg  sssss ssssa  gssgsaasss  sssssssssg  assassssas?' 
sisSs'lsisa  SSlSSgsSSS  SiSHssIss  allssSISsl  5ISsiSSS=? 

!!!!!-!!!!!           !!!!!-!!!!!  !S!S!!l!!!  KiSMIMI 

8                  S3                  S  2 

SBSSESSSIS                  SSSSS8SSSI  i§5gils§sl  Ss§§§SSIsS 

ggsssslsli  'lei  ills!  g^igiiiii  giiggssggg 

r~......„  g— ......  g~— .... 

8! 
11 

slslslSSSa  iSlglSlils  lallSIEHi  i=S§assa§S  8s§§sSsiH& 

gggggggggg  ggiiiiiiii  is=s|siis§  iiigggggii  mmmi 

g-.....^..                     p.M.....  r«....... 

.52  w 

81 

SI 

aassssssajs  ssssss  sssss  ssassssssa  ssassas^sa  sssssssgss 
SSsilSsSag  BSKH8S8S8  SalsaSgaSI  §Ssajggsgs  §§I3s1S?s§ 

itwmti  mmmi  mmmi  ummm  tmmm 

If 

II 

liilllllii  iiiiiiiiii  lilllillll  lllllllill  Iliillill 

sssssssssa             titititftiri  Hs^sgsss  mmmm 

%                  51                  5                  5  3 

If 

?! 

liiisiiiii  iiiiiiiiii  iiiiiiiiii  liiiiiiiii  mm 

iiiiiiiiii           g&ttttft*  mmnm  ummm 

§                            3                            S                            §§  3 

Si 
SI 

IIIIIIIIII  liilllllii  lllllllill  iiiiiiiiii  IIIIIIIIII 

Sgggg^sas  sggggHggg  llllSgll^  titftftfft 

§           ss           §          .s  a 

If 

81" 

iiiiiiiiii  iiiiiiiiii  iiiiiiiiii  iiiiiiiiii  iiiiiiiiii 

r........  r  ....   .  r„.......  r...  ? 

it 
11 

ililillll  IIIIlIIII  liilllllii  lllllllill  Ilifilf 

^™^o~   ^2  2°^  SSSSSSSSSS 

Illlllllil  liiilll  Ilililll  llilllll  illllllill 

p;ip;p;ip;  p;5p;p;ssi  ttitftttt* 


lilliii  Illllllill  Illllllill  Illllllill  illllllill 

SSSSSSSSSS 

js^m^^m  w*^u*z~m~~j;  ^^^^^^^  ^-^^^^  ^^^^^^^ 


lilili  illlllllii  Illllllill  Illllllill  Illllllill 
iiiiiiii?!  mmiMi  ttmmti  mm$m  ummm 

g—  r— -  g—  r—~—  |— 

ilillliiil  Illilliii  HUH  liillillli  illllllill 
ismam  ummm  mmum  mmmu  maum 

r~*— ~  r- «™  r-™..  r.«™«  J—..™ 


Illllllill  Illllllill  liillillli  Illllllill  Illllllill 

SSSaSgggSS  gggggrJSHS  ggg?gSSS8S  gggggggggg  Eggggggggg 

r~  j-— ™  |~  r™»  ^ 


Illllllill  Illllllill  Ilillliiil  Illllllill 
mmmm  mmmz  am^wm  mmnmm  mmtm 
§—  r—  r-~—  g~  r~.™ 


Illllllill  1111111111  illllllill  Illllllill  illllllill 
umam  mmmm  mmmm  mmmm  mmmu 


Illllllill  liiilll  lllillllll  Illllllill  liillillli 
mmum  iimtmz  utmrnm  mamm  mmmm 
r„.,.  r„,^  r-— 

Illllllill  lllillllll  Illllllill  Illllllill  itiffii 

g&titfft&i  glttttitfftjf  S^SIgg^g 


Illllli  miiiiiii  lllillllll  lillllli  lllillllll 

ESSSg^K^  ggsjgg  ssgssdssss  gagssagsss 


44 


1 

It 

IlisslsasS  sslllslscl  §rs«?sS«s2  lllssSlsls  sllassSSSI 

mmmt  mama  mumu  amum  mmmt 

r~-^  r"™  r~  j—.— 1— 

S2 

s 

I! 

SSSSS  g2££$3   giSSSSSSSSS   &8£3K£££S2  SSSSS 

oooioioo  MMOioifl     m  ^- -a- co  co  eg  (vi  ,-<  ,-c  o         a\  oo  oo  t-  t-     vo  in  m     ^ttconn  hhooo     ooooor-r-  cm^i^-f 

ggggsggssg  gggggggggg  sgEggigggi  gggggggggg  ammu 
g-^r.-,*  jr-., —  l~  r-*-— 

i 

!! 

£££SS                            SgKgS SSSSS SSSS?  £323?? 

*«(onm  hhooo>     ootoc-tNio                        ntOM         ooo  a«     oo  i>     o  o  m  m -a- co  co     nnh^o  oo>o>oooo 

giiiiiHsg  ggggggggii  snisiiigg  tuumm  mtmm 

r7"T*  r — *"  |~  g~  8™"™ 

I 

!! 

gSS?8£S£S££   S2£S?  SSScog  SSSSS 

oor-vDiom  in*T)-mc<)     nmhho  woioooot^     Moomm  **wnn     ^  ^  ©  o  o\      oo  oo  r- 1-     lommvf  ownn- 

sgsissssss  gsHisSHs  mmau  mmmsi 

J----™  g—..™  g™ ......  I—™.. 

£2 

I 

IS 

o  o  en  oo  oo         io     loinuT*^-  nn^NH     oowouc  «r-MO*     mmtnn  NNr<«o     owoiooa)  r-iowm^ 

ummu  mmmt  mumm  smtmm 
r—r—-  r~  l~  g  |— 

I 

i! 

sIssssSSsl  gllsssEsss  ??sSssSi§£  alsgisssll  sSSas-lssI 

ttfttii  Mitttttf*  mnmm  1111153553 

r""™"^™  r~"*v,^"°  r-—~ 

1 

I! 

§£S£S3§§SS  ssgs?|||ss  ags|§S85s?  gSSSsllsSI  gllsSISssg 

siiisiiiss           iiiiisiiis  mm^m  immmm 

n            3            13            3  s 

S 

I! 

sgSsilsIlg  ssSSkIIsss  sSllsaSSIS  sislSIsSSS  Sllllsssss 
§§!§§§§§§§  gggftflfttt 

t—  s—          r~—  r„„.«. 

1 

II 

ISSSSiSSSS  ISlSllSSSs  SsslsiiSSSs  IggglsllSS  SSssS§S5§l 

s§§§§gisss  ssssssasas  sss3§sss§s  mmmii 

S                  S                  9                  3  3 

I 

Si 

IIIIIIIIII  IHttlKIS 

\ 

45 


mama 


OS 


r 


Isggis  13118 


189SB.SH8S 


SSSsslsslS 


gllsSI5sl§  SSIiiisssg  |§sS3|ssg§  ?llSSisss§  s?|Ssssss§ 
IsssS skkks  SgSSSSgggg  SSgSSSSggg  ggggggg^S 

jp.....^  r«™..  g-,—™  r"""^""  g— 


Sli§lieSI§  SSSISksSsS  ISIHSSSSI  gsllSslals 

ftS&gttM  ISSSiiSggg  tttiguitt  iisisiiisg  gggsg§§gg§ 

g- c„»  v,»,.„o.  g-~«»»,«^.o.  g-««»««,h-<»  g-^^,™  t-„^„^«,o, 
CO  CO  CO  CO  CD 


S§r~§SssII  sllecssKSI  sssgssnsss  g||agsS|||  ssagsggsss 

mamkmn  mtmm  urnnm 

r~ — !  i  r  |— » |  • 


§ggl§»§5Sg  aiSaiSIIH  rSIsSsSsSS  IsSllssISS  g§£33  3S§S§ 

iig?sfisi2  mmmm  imtma  mmmm 


SSSSSSgggg  §Sk=|;s1S§  SiHgggSSS  SgSRS  §§ig3iSiSSt 

tttiftttft*  IS^HIHS  tittttftti*  Mftgftft* 

r„„.«.  r«.,^„.  r—.—  r— 


ISSSsSslSl  SlsllgSssS  gsssssgsgg  g§lsS§§g3?  ssggsssggs 
ftftg&ftltf  ftffitttftfft  SSgSSSlglg 

§—  r—  r—  r_,_ 


siississss  sisaasgess  s§isiiisiss  isnasasisss  igisssissi 

§SSS2§«§SS  SiSSgSSSSS 

r__„  r«.„-«.  g—.™,  r— i" 


Illsllllll  IIIIIIIIII 

SSSSSSKKSK  SKSSS  sssss  sssssskkss  k^rsk  ssssss  sssssss  ssissisi 

g-~„,«,„^.o,    g-«-,„-^.«    g«„«*»»^..    8„»»*„-^.„  r«„»-«,^-« 


46 


11 
S 

sssisslsss  §£g£sil§§£  Ssslfs$£§§  SkeSIsIsss  isSssslsgs; 

OOhNN  COCOtJ-t^-i/-)      \O\DI>t^00  OO^OOH      *-<NCsIC*)Tr  ^"iOiO\Ovo      t^M«C\Ci  OOhhn      OW^^'^  inoi^r-oo 

immrnt  aumm  mama  mmtm  umum 
r„„.«,  r.„,„...„  r__„„  |— ™  p..—. 

It 
1 

SJSSSSS^gSSS    ££2SS2£«S5    SSS^SS^g^S  !SSSSSSf:3;S^ 
83388  SggSSSS                                         £<2>§&S  3S£§£ 

iisiiisssi  mmmu  iiiisssesi  ssiiiisiii  siiniiiii 

§0                             00                             So                             So  » 

I! 
1 

SSSSSS    SSSS™                 «S2oS  Si^SS*                 SSS&SS  SSS'&SS 

gggggllggg  gggssggggg  ggggsgg^g  sgerggEggi  ggggggiigg 

I! 
S 

SSnSS  !;2;S*S    S-£££  *S£;2^    SSSSt  £££££ 
£££££  SSSgSS  SS?SKK2S£g 

3§§§§§fiiS  SlSSiflSgS  §g§lg§§lgl  llSllSggIS  gggggiigig 
p.—™  g™,—,  p.^™,  |  1  |—  ! 

I! 
I 

mttMttiiti  Msuism  mmmm  $mmm  mumm 

11 
1 

mm$mm  m&Mm  sgsiisssgs  s?iss§§sii  iissssign 
ssgiissssg           nmmm  mmm*  mmmz 

If 
I 

slSISSssss  Sslsllsssg  SsisssSlsss  krIIsIISsS  ilissssssgg 

^g&sM  mm«um  mmmu  mmm*  mmmt 

r-_„.„    g—^..-.    p,.™.,     |p...„™  S~ 

I! 
I 

HsSllsSss  HiSSSlHS  SSIlsISSsS  1§SbrSSII3  sSSsSISHS 

sssr^sssi  tt&ft&MH  seisssgss 

r„„™  r-™„.  IP-™..  r__.<.  jp^^.„ 

II 
I 

sssiississ  sigiiss§is  saaeiisaia  essssssisi  sssssasiss 

g                   2                   2.2  3 

II 
i 

llsllllfl  illlllllll  llllllllll  llllllllll 

*********   2d~2:S22!i2°                            SS&SSSSS'SS  ^55^53 

47 

ssIS§S3s§§  -IsslgsSls  USSSallSS  EttSHSliS  SISslslsSs 

liiiiiisss  isgggggsgg  §g§iiiigii  gggiiisiis  mttmti 

^^^^^  ^r^^^^r  ^-^"^^^  ^^-^  ^^^^^.j  j^^j  jvrj^-  ^j^j  jj^jj 

r„„.«.  r-«.«.  r-«™.  r««-«.  r-„.... 


SSssSSIlsS  kIIsIsSSSs  ssSssslggf  llssaSSlg?  sSssIksIII 

iiissisisi  ig§g§g§§si  HMitiisH  mama 

g^„»  e-—  — .«   g-~-*»«,^-«    r~™*-»^.«  8-™«» 

00  00  00  X  X 


sISilsaals  §BSSsS??sl  SsgSlgllSa  gg?ssss§|g  sss^ssZ^s 

mmmm  ummm  $i*mmm  tmtmtt  mmum 
r-.„.M.  r>«™.  g—.™..  g-M-.M-.  r„„-... 


IssllSlsSs  SlsSSsSSii  I8SSB8HSS  slsSgsllsi  SSSlaslsSS 

liiiiggiii  siiigiiel  giisssssss  ggSsssgssg  gggggggggg 

r-.„™  r„„..-  r„.™-  r— J-..™.. 


2gl§?55sil  gsSSSsSSsS  asSSsssSSI  slliSSsSss  ?sS§lgglsl 

MtlMttM  s§§^§ii§i  iiiiiiiiis  muum  g^i§m§i 
r„™.„  r-...-M.  g~.~ ......  r— 

KRslgllsSI  iiiSsliisS  sSieigglsss  Ssssissssis  slisss~Ssl 
&&£&gg$  |§g||5g?||  Iggllgssss  sssgssSS^  S^SS^S 

r™  f~»  rr~.  r~ 

llsssSssis  sSSsslssla  gllSsgslSI  sllssllsli  SSSSSiSSsS 

i^iiHsii  mmtmm  mmm^  tmmm 

i™*™  §=—  i™---  r-™~  r— 

SSSsISkrsI  gllsSllSss  sSssssaggs  IsilsssSil  isssggglll 

ftffiM&ft  tftfSMtfM  MHtfttM*  SlSSieiSi 

r"~™  i™-"-- r~  r*-™.--  j™.™? 

SissSIIsss  ISSlsg55sl  sISSllgsIS  gllgisSSSs 
llSSSSSSSg  gggsjgggj&i  SSSSISSSS*  MMMtttf 

r_„«^„  §~  g-.?-^-.  g—™..  r~"'"^"" 


lllllsslll  llllllllll  IIIIIIIIII 

kkssksksss  sssss^^gsfj  ssssissssgs  sssssssssssis;  ssssssssss 

g-™„»  *«-»•  -»    g-»«»  — ».    g^„,^»„  g-^^ooc 


48 

I 

SsISIs5alg  SSSIsrSSsS  SSliSsssgs  §5§Slli*IS  SlessSsSss 

il555s|g§!  mmmm  mmmM  mimm  mmum 

co  co  co  co  co  rococo  co  co      -ocoeo  coco  coco  co"co  co"     coco'co  co"co"  COCO  COCO  CO      CO  CO  CO  CO  CO  CO  CO  CO  CO  CO      CO*  CO  CO  CO  CO  CO  CO  CO  CO  CO 

it— ~  |~  r« «™  r-«~.  r— 

S 

II 

IssslSssss  Sllsllslls  gfiS§Slllsl  SSSsg gsSSI  slssl liSss 
Iggggggggg  gggggggggg  §§E2SSS15S  £§SSS1§§S§ 

r__„  r—™.  p..™.  J—.™. 

52 

3 

ssligsfgso  ssKsg=||s5  sSigs|Ssgs  silgssiisg  3i£SSS8S55 
ISSillSili  SSSIggg££5  SSSglSgSSS  ggg5Sgs|gg  ilig|§SS5§ 

cm"  eg"  eg"  cm"  eg"  eg"  (m"  eg"  eg"  eg"     eg"  eg"  eg"  eg*  eg"  eg"  eg"  eg"  eg"  eg"     eg"  eg"  eg"  eg"  eg"  eg"  eg"  eg*  eg"  eg"     eg"  eg"  eg"  eg"  eg  cm"  eg"  eg"  eg"  eg"     eg"  eg*  eg"  eg"  eg"  eg"  cm"  eg"  eg"  cm" 

il 

r~  r~»—         r„™.„  r~ 

I 

u 

§ggss§is?§  33§§3  SgfjSS  li£gs§slSs  SSsSlisSsS  SSSIsffiS=ll 

sssgisssgi  mmmn  tmmm  mum&  &mam 

cm"  cm"  eg"  eg"  eg"  cm*  cm"  cm"  eg"  cm"     cm"  eg"  eg"  cm"  cm"  eg"  eg"  cm"  eg"  eg"     eg"  eg"  eg"  eg"  eg"1  eg*  eg"  eg"  eg"  eg"     cm"  cm"  cm"  eg"  eg"  cm"  eg*  eg"  eg"  cm"     eg"  cm"  cm"  cm"  eg"  eg*  cm"  cm"  eg"  eg*" 

r~  r"  |"  i~  r~™~ 

1 

il 

ISSsllftSIs  Sslsilssls  rSSskSSIS?  SigsSSISIa  lgSg= 

iiiiissisi  !i!ssi§§!i  iggigggiii  gggggiSgii  ii§giiiiii 

1 

il 

• 

3§I§s§s§~<i  gg§3§§S*3g  is^lss-l  SSSSSSSSSS  Ss=SS§3iSs 
g^EilH  S^ggggsg  sg^gislis  ggSSSlSSgS  SIS§SlSSSs 

52 
3 

i! 

itSeSSISS  3§l§5ls§gs  SlSSiSiiSg  §S§i;l§£s?~  3fl»3SS§8g 

Miimm  iMMMiM  MMMMii  tMMi^ii  sMMMZxi 

I 

il 

ssssisssss  gng§is$is  £§s§5i8§ss  gs^nsssss  isiasssggx 
gggggggg^  *iii§ggg*g  sin's ^iii  gsgiiSggii  issiissiii 

r«„„  g-™™             r„_  r«„„ 

I 

il 

S8SIS«StiSS  8S8g8sSM3  igSSSilsigs  SgS§§g§l§§ 
gg^gggssgg  sgg^gg^g  rfsssggggag  ggllgS^ss  SssSSsSSisl 

rN~ —  a~  r"^™  i™™-  r 

i 

3 

il 

lllllllli  Illlllllll  !!!!!!!!!!  lllllllll!  Illllillil 

49 

ISSSslSSsS  gllSllislI  RssSsllgsI  SiSSgSSSSi  SSlsllSsgg 

mmimi  tmmm  mmmm  mamm  mmmmi 

cococofoco  co  coco  coco     co  co  co  co  co  CO  co  co  co  co     cococococo'cococococo"    co  co  co  co  co*  co"  co  co  co  co     cO  coco  coco  co'co'cococo 

r~ —  |~  r~*~4  i™"^  r""" 

s=§ls5S§£§  SEgHssills  SiigggggSS  gE133 §SSg§  IssslsSSSs 
SSSSSSIiSS  tfHttftfll  gglllS^SS  ft&M&ft  gggiiggsss 

ncowcow  coeo co  wco    cocococo\o"  coco co"co~«    w « co~co «  co n «co*co    co~co"co"co"co"  co" co" co' co' co'    co'cocococo  cocowwc^ 

r~-™  r~  n"^  g™~  r~^m^»? 

*g§sS§SIHl  sl-HSssSs  g?slss?lf£  SsSsslssls  sSIfssSlsf 

iiiiisiSis  iiiisiiiii  mmmm  ummn  miuua 

m"nnm"n<m"nN"nn     nnnnn  c^Ncic*     nnnnnnnnnn     nnnnnnnnnn     n  n  ncoco  coco"cococo 

ir*  1~  r-*"^4  r-™4  r-™" 

3aiS§8S8£3  SslsSslSls  SlggsllISs  g=ss§S8911  ES»gBSisS 

tim^m  mmmM  mmmu  ^mum 

r"" — -  §—  r«~-~.*  i™""-'4  r~™* 

fSsllSiSSI  sksHSSIsII  S2§sgSsS§g  igiiiisigs  isasssssg; 
|g|g|§2§SS  SSS55S2SS2  SSSSSSISSS  &tfti&$M  g§§??gggsg 

NNNNNNNNNN      NNNN  N  C\T  (\T  C\T  eg  CsT      ciWcJcJcJ  NNNNN      NNNNNNNNNN      n"n  n"n  N  ci  n  N  N  N 

SSgSaSSSI?  slslSSggss  slsislsllS  §-?§SsfgRs;g  gsSslSssis 

||||§|§§|5  ||||||§;|ss  |iii;i;i|si;i; 

s|issip;p;  ggjgggggg  m^mm 
§— —  |—  g—^^ 

SSllslllsl  saSSSSliSs  IsllsISSss  llillliles  -ssslsslls 

sgggg  mil  ||$gg|||||  iiiiiiiiii  iiiiiii^ 

g.^^  r^^„„         f—  r~—— 

IssSlsSSIl  SsSlaSgSss  sisilSSISS  ISggsssSSS  slsSsSssfs 
sgSggiliSi  i|gg|§ig§§  gggggggggg  iggg||g§ss  sgggsggggg 

r^""*-**  i~  r^*"^  r**—~? 

iiiiiiiiii  siiiiiiiii  iiiiiiii  iiiilii  iiiiiiii 
sssisissss  ssss^Hgg  isssis^ss  im^mm  mmmm 


50 


3 

! 
I 

llllltllls  lllSilllil  llsllllll!  Illsllllll  IllitlPlf 
HMiMlft  iiisssss^  mutiiii  mttam  tttttiittt 

r~™-r  |~«  F-~™-  r  r~* — 

i 
I 

SgSsiSssS*  sisiloisss  sll2~£'sg%3  sHIslSSls  gHsssss~s 

sss§§§ssss  sgs^desss 

3™-™  s~-  f~  r — ~~  f""™" 

1 
I 

g|s§2s|ggs  giglllgSgg  IgslsIlKSs  Islslsslsa  SsslsSSSsI 

&mnm  ammu  s&tumu  muma  maum 

g™.™r  s-~»  g— t—  r--— - 

a 

1 
1 

IgllsfisslI  ISslsssgsg  IssslSfiSlS  sslslsSsSi  sr§§IIs§s= 
ggggsgsggg  sssssssgss  silii^ggs  ssggggssss  S||sss§S££ 

r"~™  fm""™  f~"™"t  §-~™  r^™ 

a 

j 

s 

IsasSsSIlI  SlsSssSgll  ssIISIrsII  5s3§ss!ss§  ssllsg2Ss" 

g!338S?S38S  K8S3SS  83RS2  RSS2SSSSSS  SRSSS ssgas  SS2.JK  SS8S8 

SSSSS  SSSSSSSSSS  2223235552 

r-™?  r-™*  i~  |~r-  r~™^ 

j 

I 

lllillllll  llllliilli  lllgllllll  IISIII1III  lllil IIIII 
mmimm  mmum  &m$28&  *s&$$$&s&  mmm* 

j 

i 

llfllllll  gSiillliil  Illlllslll  llllilliii  lilillllll 

SSSS8SSS3S  SSSSSSSSSS                        RRSSS 88888  sgg-ggsssss 

§             g             s             §  i 

J 

S2 
U 

lilillllll  1111111111  siiiiiiiii  Hiiiiiiii  lllilsiin 

KSSSSSSSSK  KKSSSSRRRR  sssss  ssisiss  gsssssssss  ss^sssisss 

jp.™..  I~  g—™--  jp—.  r««-«. 

1 
1 

lilillllll  lllllliili  lilillllll  lilillllll  lllgllllll 

s'sisR'sssSsssi  ssssaggssSss  sss'sis  sssss  ssssss 88888  ssrsssssss 

r^T  2—  r<^—  §—  r"**-^ 

j 
I 

111111111  lilillllll  lllillll  lilillllll  lilillllll 

odd-;  ^^^cvicvi    NNMriri  ri^^^in    w^ioetfjavd^Nis    ^ooo6o5o6  oiaialoo  S2^dd^^D2^^ 

51 


llllllllil  lllllillll  llllllllil  IIIIIIsIII 

t&mmst  mumm*  mmmt  mmua  tmmm 

QrtNW*  invOt»«0\       p  CO  ■<!-        VO  t>  00  W       ^  ^-l  <N1  CO  Tf  lTl  vO  MS  Ul       ©rHNn^-  lflvONOOO\       QHNn*  miOMCO\ 


llllllllil  lillilllll  lilllslllg  IIIIIIIIII  llllllllil 

ftMMMM  gsss§aSi§§  MMMtiti  MMMftti  tttftttiftfti 

r—  r«™~  r-«.™  r„„....  |— » 


llllllllil  lillllilil  iliillilll  llliilllli  IIIIIIIIII 
umum  ummM  imumm  tmmm  mmmMi 

t"  g—™.-  g-—™-  g-^..... 


SHEHSI8  llilililll  illliillll  llllllllil  lillilllll 

S5SSSSSSS5  SSSBSSSSSS'  SSSggSSSSS  ^giggs^ 

r„_  j™,™  g-,—™  p.-™,. 


llllllllil  IIIIIIIIII  llllllllil  iliillilll  IIIIIIIIII 

maum  ammm  amamm  imam*  mmmm* 
r—  r-™- »  r-™?.  r--™-  r,.™?. 


ESieiHHS  iliillilll  iliillills  8115888118  Iliillilll 

SSS2SSSSS3  HSadSSSSSS  SSSSSSSSSS  S'SSS'SSsSSa 

5  *  r-*-fc-  |~  r-™«  r~™.. 


iiiiiiiiii  iiiiiiini  mmnmm  mmnnm  umnmm 

MMtUttt  **********  **********  |§§S3S3SS§  §§SSSS|5S§ 

r«*-«..  I~  g".-*-™  g—-™ 

iliillilll  llllllllil  iiiilifl  llllllllil  IIIIIIIIII 

^SSSSSSSSS   SSSSSgggSK  SSSICK  BBSS'*   *****  *£*£* 

r„M«„.    r„,_   r„„^„   g™.™  r«„.-„. 


lillilllll  IlfflllslI  IIIIIIIIII  llllllllil  llHlilllll 

SSSS?  ?S33S?  SSSSSSSSSSf  £*<?<°f°»<f?<j*  SSSSSSSSSH 

s-»«» »«  8-««*-.*K».  |-»-*-»^„ 

H  H  H  H  H 


Iliillilll  llllllllil  iillill  llllllllil  llllllllil 

£222322333  SSSSg  SSSSSSt 


52 


is 

II 

! 

g£S83i  18111  llllllllll  IIIIIIIIII  IIIPIPII  IsssfsSIsS 

htj-oonui  oin>oo(«     ooror^o  -^-t-~-— ittoo     nmcoNio  ovc)>oop)     r~-o->j-t-^-~<  •^■oo^uooo     niosinic  otot^oi- 

Hftdttttti  ftttMMH  mmrnm  mtmm 

r~r  r9™^"  §—  8 — ~~r  =— 

o  w 

II 

1 

ggsgsssgRg  slsllslass  sssSssIIcs  elt§sS§S?sf  isssaassss 
8HSSSS3KKS             2SSS8  iSSSSSS  ESSES  ssssss  sssas  sses;  ISSSSC: 

ttttlflifttt  HiHiAifl  MM*  HAM  MMtfftitt  ttftti  &MM 

3                  x                  8                  £  1 

H 
1 

n 

SSSKS                            SSSSS   £i§3£2               SSSSS  gSSSS  SSSSgi: 

S8g5S5^Sg  fiMtfttftM  mMxMM 

si 
i 

8sssS2?s8|  ffi||ssSsisS  slSsssslll  ssis2ssl8?s  sess?ssg?s 

§=§SS§S§5S  =3SS*S« 

8 — r~ — ?* « — t  i™~ r  r  — r 

11 
1 

3 

pq 

s|s|2gsss§  sgsgsssgss  ssillsslss  sSeISSrSSs  sse^ssssss 

SSSSS  SSSSS   KSSR2               SSSSS  SSSSS?   iSSSSS  KSSSSS   SSSSS  S?K2S 

SSSSBSBSSS  SgSSSSSSSS  SSSSSS^gs  gggssgssgs  ggfSSSSsSs 

r — r  s  r  r"™r  i  t  %  r 

li 
1 

llllllllll  illSHSHS  lillilllll  llsllllill  illlllllll 

^SSSSSSSS 

r„,_«  r— r««.«.  r.«-«.  r„„-„. 

J! 
I 

IlfSSflll!  IIIIIIIIII  IIIIIIIIII  IIIIIIIIII  IIIIIIIIII 
§§§SS55235 

11 

! 

IIIIIIIIII  Illlllslls  IIIIIIIIII  IIIIIIIIII  IIIIIIIIII 

ggSSKKKKSB   SSJtiSKKSSgR   RRSSK  SKS588'   S3SSS3  SSSSS   SSSSS 88SSS 

s~*t™  8  ?*  rww — ~  r™  r"**~r 

li 
! 

IIIIIIIIII  llllslllll  lllllllgll  IIIIIIIIII  IIIllIIIsI 

H                                          H                                          H                                          H  H 

11 

iiiiiii  liiiiiii  mil  mi  mi  mi  iiiiiiiii 

dd^—   ----------   ---------2  S^SSSSSSSS 

53 


mmumm  mnmn  mrmmm  mmm%  mmnmm 

tmtttm  mmam  imuntt  mama  mumm 
r«.„.M.  r«.„™  r„„.«.  r„„..„  r„„.... 


Ullllilll  miilliis  iiliiiini  Illsllllll  ililllllll 

gsiiisiiii  iiissiiisi  siisiiiisi  ggg^ggaa  mtrntm 

g-~m,,^»„  g-~„,       g_i«B*««^.«  s^„.,  g„«„» 

00  00  00  X  00 


lllllllllf  IIIlllllll 

iffttfttlft  SSSSgggggg 

r  r— —  r*,^„  r-r:— 


lllllillll  IIslIIIIlI  IIIlllllll  llllllllis 

SSSSSSSSSs  SassSs! tttftiftMM 

r—™.  r~"-w  r~»^^->  §~ 


lllllslll  IIIlllllll  IIIlllllll  IIIlllllll  IIIlllllll 

S5S5S»S*SS  ssssssssss  83s§sgigs§  sisssssssd 

r^,"™  |—  g-,™*.*     —  r«™.rr 


Ullllilll  Ifllllllll  IIIlllllll  1111111112  IIIlllllll 
§§S5S  ssggggsSSH 

r*~ —  s~  r^r^-^  r~  r^-T^ 
niiiiiiii  iiniiiiii  iniiiiiii  iiiiiiiin  niiiiiiii 

SSSSSSSSSS  SSSSSSSSSS  SSSSSSSSSf 

^ ........  |— —  r^r^"°  |—  8ri"t r 

lilllilill  lllllllllg  IIIlllllll  IIIlllllll  IIIlllllll 

ssssssssss  sssisasssss  sassssssss  ssssfii§ss  ssssssssss 

iniiiiiii  iiiiiiiiii  iniiiiiii  iniiiiiii  iniiiiiii 

SSSSSSKKKS!   SSRSRSSSSSi  SSSSS  SSSSSig   SSSSS  SSSSSig 

j™-.*..   g—,-.-.   g™™-   r.«-.M-  r~™,». 


IIIlllllll  Ullllilll  illlllllll  IIIlllllll  Ifillli 

S^SSS^  SSSSS 


54 


ii 

§sSSl§5isK  sslsIIilSs  gsllsllsls  sllSSsSIss  si-Is SrSss 

^mssgs  g^isssiii  is^sssisi  mama  immam 

nVnnnnVnnn     nnnnnnnVn'n     pJ  eJeJrf  cm  cm"  cm"  cm"cm"cm"    cm"  cm"  cm"  cm"  cm"  cm"  nnnn     n'nnnn  n'nnm'n 

ii 

sisssssiSsg  §?!Si§I!§£  slISSsSsss  IslissSail  glliSggsIl 

tiMttftlft 

NNNNNNNNNN      CM  C^Cm"  C^N  CmVmVj  CM  CM      N  N  N  N  N  N  NNN  N      N  N  N  N  N' N  N  N  N  N      cm"  NNN  cm"  cm"  cm"  cm"  cm"  cm" 

1  £ 

esSlsllISs  slSs§s£§H  Slggssftisg  ifgsfgsS-  ISSIsSsSlS 

mmuiii  mmmt  mamm  ummu  mmz*m 

^  J  ^  ^         cm"  cm"  cm"     cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"     cm"  cm"  cm*  cm"  cm"  cm"  cm"  cm"  cm"  cm"     cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"     cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm"  cm" 

1            i  s- 

ii 

SsssllSsSS  slsSSSlags  SsSggsSSSg  IIsSSssskI  SslSsaSlls 

p.p.  gsssHgiggg  gpgpsep;  imsittti 

i  i 

1         §  1 

Si 

IssSSIaSs?  ISsssssSfl  IssSsSlsll  SISrsSsIss  SglsRiSsSI 
??gg|5|g|S  SS5|gl|s|o  ftHgjtftt  mHt&m 

1  1 

1             1  s 

li 

SSSiSSSSU  IsSglsSill  ISSgSsissS  ssfgss-Bsil  §ggsg§§ggs 

mmtmi  am^i  tmtiM&  mrnmm  ammti 

^                           ^  - 

ii 

isUmmZzs  SsISsskSSs  slgsSSSlli  IsSlslssSs  SlssgllSSs 

sssiiHssi  siiisisiii  gggiig&gg  Mmmm  auumi 

I  I 

III 

Ii 

S1§ssrs5Is                    ISISasssli  IssallssSS  ssgggssjgg 

sgsggsisig  mmim*  mmm&$  muam  mm$m 

glSSSSlSIs;  3883335888  SSslSgSSsS  sSslSslsS?  SsllIfssSSs 

iHissilli  K&Mtttt 

H                                H                                                                 H  i-i 

Si 

tHHIHt!  §111111111 

^SSSSSSSj  SSSSSSSSKf?  sasss  ssissss  sssss  sssgs  sgsgg 

55 

gggggggig?  gggggsgggg  gggggggiii  mrnmm 


-IslgsSill  ssIslSSISI  IsssSligl?  -Ssssflsls  sssBlllSSs 

fiii55?isi  mmmt  mst&m  mmtm 

g^™.*.  r~-— |—  r««*^,*« 

IMfsSSsSll  5slss§ll;8  fsssllKiiill  £S3gg Iggga 

§35§§3SS22 

f  1 — *-  r — ***  r--—  |— 

sSSsssl?8S  1eS5S2§8ss  HsslSitilS  SsisilSssg  IIrsISSIss 

isM^illl  lililiim  lllllllill  iphpm 

IsSSSIssSs  BliifsiiSg  SssIlHHs  iSSIsssIss  SSlSIIISsi 

iss?s5sssi  ^^igsisi  sisiisisis  sisisiggis  gg|ggi§|gi 

JrUJJ  JJ^^      ^^,1  ^rlrlrl      jjjM  hhhJJ  ^^^^^^^ 

r-™**  r — *•  r^r*"  r~  r™^« 

IsisgssISs  sSlsssSSIs  ssSISHi—  Ss§§S§SI§l  SSSgggSSSg 

mmmt  ||§||§§|||  MiUMiii  M!1-!!!!- 
r„..,.-  r-.„,.,.  r„„M,..„  r„,w^-  r.,.:,.., 

SssglHssR  sSSSglSfS*  SslslSlsls  slslSssSss  ssSSsIrsSS 

giii;i;i;|l§l  |||||||||§  lllfllllll  lllllllill  lllllllill 

SSSIIISsSI  ssSISsllH  SliSSISIsS  SSlsSSliaS  IISSsSIIls 

giggsssgis  iggggigggg  igggiiiSgg  isisisigii 

r.„,r„.„  r„„^™  r^^— 

eSISIIISrS  3SS3§3ggSii  §l§5llsSSl  IsisSssssi  §|s|§KSs|g 
g*ft§*&&  igsgsfrfgss  ggilgiisss  g£s=j§S§ggs  g^gg^s 

s—  g~...™~  g—  j*.,™.. 

IllllUgll  ilinillll  IllllllUg  lllllllill  llllglllli 
sigsssssis  gsssssgsss  sssaagiiss 


56 


i 

s§§883S8ss  §§§13IS§g2  iissllssss  issSssssi-  §l?£~H°s~ 
ssSSSsSfgS  ISs-ssliss  IkssSssIIs  IHssssssS  giSKaiislS 

mmma  mmmm  mmmm  mmmm  mtutut 

1 

llglllllll  IIIIsllIIi  sIIigsllRi  ?II1I!§I!1  llllllglll 

mumm  ammm  mmmm  mmmm  mmum 

oo                           So                          oo                           »  ao 

I 

IlIllgHSl  ISs5Isg§IS  -IsslSlSSI  Hs§?ll!lsl  llliglllsl 

rnmimm  mmmt  imam*  amum  mmmm 

ir~r*"  r~?-*~  i — g™-~..  g~~? — 

I 

sli-lss-is  §2isSisi§s  sissiims  gsissiiils  islislllll 
ggssssssgi  mmmm  mm  mm*  mmmm 

r^r**m  r"*T**m  r-^ —  r"" —  §~ 

I 

SS?go2KSSIo   2£8S;n2SSSg$   g$$S£oS£gS  SSSISS 

illlllllll  sllll§§sI3  l~£~S2§lig  IsSISSSksI  lllllllsll 
tftiMMM*  SSSSSSSS^  SSgSSSSSSS  SSSIISSSIl 

r~  8™t--  §~ 

1 

llilllllil  1111111111  lilllilll  Hill iliii 

&mm&  SISSSSSSSS  SSSSSsgSSI  SSSSSSSSSS  8|i|85S|3s 

llilllllil  fillill  llilllllil  lilllilll  illliif 

SSSSSSSSSI  §222222252  222*222^  SSgSSSSgSS 

Pounds  Kilos 

llllllllli  illllllll  llilllllil  lilllilll  lilllilll 

tisttdd*****  SSSSSSS^S  Si|SS3SSSSS  SS381S§§§§  gglgSSSSSS 

g-.M».„-  r-.„^-  r-.,.-...  r^_..„« 

l 
1 

llilllllil  lilllilll  llilllllil  1111111111  llilllllil 

4444$  $94$$  ?8SSKSK5?S5?  SSKKSi  gSSSS              S333S'  SSSSSSSiSSS' 

r«M™.  jp..™..  r-.„.«.  g-..*,™ 

Pounds  Kilos 

lilllilll  lilllilll  llilllllil  llilllllil  llilllllil 

d'^o^coc^    ^uivd^cood    ^tfdg^^«    S^S"  SSSSS  33333^33 
©Hc>jm*  irnot^ooo    ©thc^co-*-  mvoe»eoCT>    ohnco*  i«ot»»w    ohno*  uivot>»o\    ©    co  oo  i-  «o  vo  t»  oo  o» 

57 


mmm  miiiiiii  iiiiini  iiniiiiii  1111111111 

mmmm  mtmrnm  maam  mmm*  nmmm 
r__„  r— .....  r„„,w  r««.... 


Ullllllll  liiiiii  iiiiiii  iiiiii  lliliill 

^ss^hii  iiisassggs  mumm  nmmm 

g-^^^c     g-^.,,^^  g^r,*^*,* 

■00  QO  X  00  QO 

ililllli  ill  If  If  lillilli  lliliill  fliifil! 
iinmm  mttum  mtamt  mmm*  mama 
r~  r~~—  r~  r- —™  g--*-™ 


Ullllllll  miiiiiii  ilillllill  iliiilll  llllliilSl 

tftttftttt  gg||ssisds  sssssggsss  g&ggg&gg  gggft&ggg 

jrtNn*  imo^oooi     ©^h  <n>  co     u-nooooo\     jHNcof  u-not^oocn     ©  r-<  <m  cr>  -<f  m  vo  t>oo  <n     ©  .-i  cm     ->r  miot^oocn 


lliiillill  Ullllllll  ililllilli  ilillllill  iiiiii 

HMiNMM  ffiMMffitt  SSSSIlSSgs  Mtffttitfti  Hl^lgls'S 

jhnp)*  uhom»o\     ©rtNm*  ©  ^  cm  co  -<i-  m  «  t>  oo  a\     ©  <~h  cm  co     u-no  i>  oo  cm     ©  ^  cm  <r>  ^  ^>oooai 


lliliill  Ilillllill  Ilillllill  lillllllll  iiiiii 

SSS83S|sss  |l|sss==^  g^ss^ssg  gtt&gHft  ^Mass 
r„^,.„  r^,„  r„.,^„  g—  r^,w- 

lliliill  Ilillllill  lliiillill  Iiiiii  ilillllill 

3SS^SS3§2  SS^^ISSS  &$&&&>j  g£BSgSSgg§ 

lliliill  Ilillllill  lliliill  iiiiii 

33553 SSSSS  SSSSSSS3SS  SBSSSSSSSS 

r„,, g^^.  r^^„„ 

Iiiiii  Ililllli  iiiiii  Iiiiii  lliliill 

SSS5SSS  ggKSS  SiRgSSRSSgS  SSS5SSS 

r-.„.M.   g™™.   r^-^-.   |~  r-*™. 


Ilillllill  Ilillllill  lliliill  Ililllilli  sllliillll 

MAC*  ssssaaass?;  ssssssssss  s^sssss?  gssss ssss* 

r^*"^^     |-M«** o^cw^ooo,     OH-.^x.  g^^^ 


58 


1 

I 
I 

llllllllgl  IHIllllll  PlIlslIIl  1111111111  UlIlIlEll 

mmmu  iiissiisii  mmum  iummu  mumm 

^  J  ^  J  ^  ^  ^        rJ     nnnnnnnnnV     cvTnn  oJ  ™  cJ^csTpq"™     (JcaWoJVa  csjNojesTfsT     NNNNN  cg'riririri 

JHNM^                                 ©  r-H  <S>  CO             <C  t-»  00  0\       QrtNI«)tt  miONWCl       JrtNO*  m*M»Ol       JrtMmtf  l^iOME^ 

■S 
§ 

1 

iiiiiiiiii  stimuli  nmmm  mmnmu  mum 
mmmm  mmmm  wmwm  mmmt  mmm 

8       .      I  i 

-a 

I 
1 

iiiiiiiiii  iiiiiiiiii  ii§ii mi  iiiiiiiiii  iiiiiiiiii 

mm  wmm  mm  mm  mmm 
r^._,„  g^™*..  r„™M  r„?m. 

■S 

1 

IIIIIIIIII  IIIIIIIIII  IIslIIIIII  Iiiiiiiiii  1111111111 
#&Mttia  iiiiiiiiii 

r-.,....*.  g-.^™.  r...»-.M 

Kilos  Pounds 

Iiiiiiiiii  IIIlsllIII  IIIIIIIIII  IIIIIIIIII  llllllslll 

§§§§3SSSSd  *SS§3BB8H2  *SS3SSSS2§  1SISSII||| 

JJMJ  rtrtTHrtTH  rJ^^T ^  J^rf  r?^»W  rJ-7^J 
©  »h  N  CO  -<1-  IT)  v£>  t-»  00  C\      ©tH  <v)  cO  ,f  ur£>      00  CT,      OHN(»)-4-  miOr-WOi      © .-(  C-Q  CO  ■>*■  u")  vO      CO  a>      ©  r-H  <s)  CO  -1-  u-)vOt^OOO\ 

Kilos  Pounds 

IIIIIIIIII  IIIIIIIIII  Illlllllii  IIIIIIIIII  IIIIIIIIII 
iiiiiiiiii             iliimsii  ^§§§§§§§§  iUimm 

l~  s—  r«  j—,......  J—.™ 

Kilos  Pounds 

IIIIIIIIII  lillllllli  IIIIIIIIII  llllilllll  IsIlilIIII 

ggggggglll  ISSlilllgl  sgisssgggs  SSSggggggg  SSSgglgggf 

r*~r"°*  s—  r-™"'  r~™"- 1— 

i 
i 

lliiffslil  IIIIIIIIII  lillllllli  IIIIIIIIII  IIIIIIIIII 

f?ss§s5igg           isgsgiii§i  §i5=^§^§  mmmm 

s-™"  it*?*  r--*™*  t~  r^™- 

I 

8 

M 

lilllfliil  Isllllllll  IIIIIIIIII  IIIIIIIIII 

S^SiSSSSI  gS^gSSgggg                   llSgggSISi  t&ZUmi 

§™"*fc-  s—  §  M  n—  |  -™" 

I 
1 

Illllsll!  IIIIIIIIII  lllllsllll  sllillllll  IIIIIIIIII 

^"issss  fsssssssssss  ssssssisisssS  ss^sSfissss  sgsssa ssg|| 

59 

llllllllll  IIIIIIIIII 

umma  mmnm*  mmmm  %m%imm 

|— r~    r~o~—  r„„^-. 

IIIsllllll  llllllllll  llllllllll  llllllllll  llllllllll 
gggiiiilsi  giliiiisgs  Siiiisgggg  giiggggggg 

jMjjM^r*  ^^-^^^-^  ^^^^^^-^^^  .h-^-^-^  ^-vr^v?  ^^^vr  ^^-v?  ^ 

a  x  oo  oo  ® 

llllllllll  llllllllll  lllsslllll  llllllllll  llllllllll 

gggsglilgg  ggggiiiggg  |ggsg|sggg  ?sgggggg£g 

^^^^^^^  rH       rH  tH  .4V?  ,-4  iH  ,-?  r^r^  JJJ^^      .h"  J^-^  ^^^^ 

r^-™  r** —  g,~  j—-**.  r-™~* 

iiiiiilili  fliiilllil  illillllli  mBUM!  mmmml. 

mmttm  mmuu  umnm  $mmm  mmtm 

JMMM+tM     M^Mw^MM     MJMJJJM     JJJJJ  hVh"Jh"     ,W,h\JV?  .JVWVM 

©HNnt  w*t>»»     ©    oa  co     m  vo     oo  ct>     ©tHcoco-*  «ovot>.ooc*     ©--km  co     «n    i>  oo  a\     ©hnm*  miONooa 

Hislillli  iiilililli  iiilliilsi  lllslllll  glllslllil 

mm  mm  mm  mm  mam 

S  1  B  8  § 

1111111111  iiiiiiiiii  sei ii in 1 1  imiiiiii  iigiiiiiii 

ffliiii  mm  mm  mm 
r„.^„  r.w.,,.„  r 

liiiiiiin  iiigiiim  mmimm  nmnrn  nmmm 

mmnm  tmmm  *mmm  mnum  mnum 
r— r-.„.„.  r_^„»  rw.-.*. 

IIIIIsIIII  llllllllll  !!!§!§!!!§  Illisillll  llllllllll 

mmtm  immm  mauum  mummm  tmmm 
r__„  r™™  r_.™  r„,™.  p,.™.. 

Hllslisll  llllllllll  llllllllll  llllllllll  llllllllll 

iMftft***  ttmum  ummu  nmmm 

C  -h  m  co     w>  vo  t>  oo  <j\     ©T-noaco-s-  v>voc^oooV    ©*-<cvico-<a- mcor-»ooa\     ©hnm*  uno  i>.  oo  a\     ©rHN(<;*  wvonooo\ 

llllllllll  llllllllll  lllllllSlI  llllllllll  llllllllll 

mmm*  mmzm 


X.  METRIC  AND  ENGLISH  DISTANCE  EQUIVALENTS  FOR  ATHLETIC 

EVENTS  (TRACK  AND  FIELD) 

1.  METRIC  UNITS  IN  ATHLETICS 

On  November  22,  1932  the  Amateur  Athletic  Union  took  official  action  adopting 
metric  distances  for  track  events  to  be  run  in  athletic  meets  held  under  the  jurisdiction 
of  that  body. 

It  may  be  assumed  that  other  athletic  bodies  will  follow  the  lead  of  the  AAU 
in  adopting  metric  distances  for  track  events,  and  also  that  the  use  of  metric  units 
may  be  extended  to  include  field  events. 

With  this  thought  in  mind,  the  following  tables  of  equivalents  have  been  prepared 
to  aid  in  conversions  between  the  two  systems  of  units  and  to  assist  those  not  entirely 
familiar  with  the  metric  system  to  gain  a  mental  picture  of  the  various  distances 
expressed  in  meters. 

Explanation:  In  table  1  are  given  the  equivalent  metric  and  English  distances 
for  the  principal  track  events  of  both  indoor  and  outdoor  meets. 

In  table  2  are  given  the  metric  equivalents,  expressed  in  meters,  for  all  distances 
expressed  in  feet,  inches,  and  binary  fractions  of  an  inch,  up  to  1  000  feet.  This 
table  may  be  conveniently  used  to  find  the  metric  equivalent  of  any  distance,  given 
to  the  nearest  )i  inch,  over  a  range  sufficiently  wide  to  include  all  field  events 
by  the  simple  process  of  breaking  the  distance  down  into  convenient  parts,  finding 
the  equivalent  of  each  part,  and  adding  them  together  to  obtain  the  total  equivalent. 

In  order  to  avoid  confusion  and  possible  error,  it  is  recommended  that  all  metric 
distances  in  track  and  field  events  be  expressed  in  meters  and  decimal  fractions  of 
the  meter. 

Example:  Find  the  metric  equivalent  of  242  feet,  10%  inches. 

200  feet  =60.960  meters 

40  feet  =12.192  meters 

2  feet  =    .610  meter 

10  inches  =    .254  meter 

Y&  inch  =    .003  meter 

242  ft,  10%  inches  =74.019  meters 
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2.  DISTANCE  EQUIVALENTS 

,/l  meter=39.37  inches=3.280  8  feet= 1.093  6  yards 
5\1  kilometer=l  000  meters=0.621  370  mile 


Table  1. — Track  events 


Yards  : 

Meters 

Meters  : 

Yards 

40 

36. 

58 

50 

54.  68 

50 

45. 

72 

60 

65.  62 

60 

54. 

86 

65 

= 

71.  08 

70 

64. 

01 

80 

87.  49 

75 

68. 

58 

100 

109.  36 

100 

91. 

44 

110 

= 

120.  30 

110 

100. 

58 

200 

218.  72 

120 

109. 

73 

300 

328.  08 

220 

201. 

17 

400 

= 

437.  44 

300 

274. 

32 

500 

546.  81 

440 

402. 

34  = 

-  M  mi 

600 

656.  16 

600 

548. 

64 

800 

874.  89 

880 

804. 

67  = 

=  /2  mi 

1 

000 

= 

1  093.  61 

1 

000 

914. 

40 

1 

500 

= 

1  640.  42 

1 

320 

1  207. 

01  = 

=   %  mi 

1 

600 

= 

1  749.  78 

 . 

Miles  :  Meters 

Meters  : 

Miles 

Yards  and 
inches 

Miles 
(approx.) 

1 

-  1 

609. 

3 

2  000  = 

1 

427  8 

1.  24 

2 

=  3 

218. 

7 

2  400  = 

1 

864  24 

1.  49 

3 

==  4 

828. 

0 

3  000  = 

1 

1 

520  30 

1.  86 

4 

=  6 

437. 

4 

3  200  = 

1 

1 

739  20 

1.  99 

5 

=  8 

046. 

7 

5  000  = 

3 

188  2 

3.  11 

6 

=  9 

656. 

1 

6  000  = 

3 

1 

281  24 

3.  73 

7 

=  11 

265. 

4 

10  000 

6 

376  4 

6.  21 

8 

=  12 

874. 

8 

15  000 

9 

564  6 

9.  32 

9 

=  14 

484. 

1 

20  000  = 

12 

752  8 

12.  43 

10 

=  16 

093. 

5 

25  000  = 

15 

940  10 

15.  53 

15 

=  24 

140. 

2 

30  000 

18 

1 

128  12 

18.  64 

20 

=  32 

186. 

9 

50  000 

31 

120  20 

31.  07 

25 

=  40 

233. 

7 

26  mi  and  385 

yd 

=  42 

195. 

1 
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Table  2. — Field  events 


Feet  : 

Meters 

Inches  : 

Meter 

1 

0. 

305 

1 

0.  025 

2 

610 

2 

.  051 

3 

914 

3 

.  076 

4 

1. 

219 

4 

.  102 

5 

l! 

524 

5 

.  127 

6 

1. 

829 

6 

.  152 

7 

2. 

134 

7 

.  178 

8 

2. 

438 

8 

.  203 

9 

= 

2. 

743 

9 

.  229 

10 

3. 

048 

10 

.  254 

20 

6. 

096 

11 

.  279 

30 

9. 

144 

12 

.  305 

40 

_ 

12. 

192 

50 

= 

15.  240 

Fractions 

of 

an 

60 

_ 

18. 

288 

inch  : 

Meter 

70 

21. 

336 

80 

24. 

384 

% 

0.  003 

90 

= 

27. 

432 

% 
% 

.  006 
.  010 

100 

30. 

480 

Yi 

.  013 

200 

60. 

960 

300 

91. 

440 

% 
% 

.  016 

400 

121. 

920 

.  019 

500 

152. 

400 

y* 
i 

.  022 
.  025 

600 

182. 

880 

700 

213. 

360 

800 

243. 840 

900 

274.  321 

In  deciding  upon  the  number  of  decimal  places  to  be  retained  in  the  accompany- 
ing tables  consideration  has  been  given  to  the  precision  of  measurement  of  distance 
and  of  time  as  ordinarily  carried  out  in  connection  with  track  and  field  events. 

In  field  events  it  is  customary  to  measure  distances  in  feet  and  inches  to  the 
nearest  %  inch.  This  corresponds  to  about  3  milhmeters,  or  0.003  meter.  In 
order  not  to  sacrifice  accuracy  in  converting  these  measured  distances  to  meters 
the  metric  equivalents  are  given  to  the  nearest  0.001  meter.  This  precision  is  ample, 
since  the  equivalents  are  more  precise  than  the  measurements  themselves. 

In  the  case  of  track  events  consideration  has  been  given  to  the  precision  of 
measurement  of  both  distance  and  time  as  ordinarily  carried  out  in  connection  with 
these  events.  The  time  measurements  are,  in  general,  much  the  less  precise  of  the 
two. 

Time,  when  taken  with  stop  watches,  is  ordinarily  given  to  %  second  or  to  %o 
second.    When  taken  with  electrical  timing  devices  it  may  be  given  to  Koo  second. 

In  the  dashes,  where  1  second  represents  a  distance  of  approximately  10  yards  or 
10  meters,  }{q  second  represents  roughly  1  yard  or  1  meter,  and  Xoo  second  a  distance 
of  Xo  yard  or  }{0  meter.  Obviously,  then,  there  is  no  need  at  present  to  give  metric 
equivalents  of  distances  more  precisely  than  to  the  nearest  Ko  meter  even  when  the 
most  precise  timing  methods  are  used.  For  distances  less  than  1  mile  they  have, 
however,  been  given  to  the  nearest  %oo  meter  in  order  to  allow  for  possible  future 
improvement  in  timing  equipment. 


XI.  GRAPHIC  COMPARISON  CHART  OF  SCREW  THREAD  PITCHES a 
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The  "fineness"  of  an  English  screw  thread  is 
ordinarily  expressed  in  terms  of  the  number  of 
threads  per  inch,  while  in  the  case  of  metric 
threads  the  same  thing  is  expressed  in  terms  of 
the  distance  from  one  thread  to  the  next,  meas- 
ured parallel  to  the  axis;  that  is,  in  terms  of  the 
pitch. 

In  the  accompanying  chart  a  simple  method 
has  been  devised  for  finding  the  nearest  equiva- 
lent of  one  system  in  terms  of  the  other. 

Suppose  it  is  desired  to  find  the  metric  pitch 
most  nearly  corresponding  to  32  threads  per  inch. 
First,  look  along  the  horizontal  line  at  the  bot- 
tom of  the  chart  until  32  per  inch  is  located;  then 
go  up  vertically  to  the  point  where  this  line  cuts 
the  curve,  and  then  horizontally  to  the  right  to 
the  vertical  line  showing  the  pitch  in  millimeters. 
The  pitch  in  millimeters  is  seen  to  be  0.79+. 
The  pitch,  in  inches,  corresponding  to  any  num- 
ber of  threads  per  inch  can  also  be  obtained  by 
going  horizontally  to  the  left  from  the  curve, 
instead  of  to  the  right.  In  this  case  it  is  seen  to 
be  0.0312  inch. 


Again,  suppose  it  is  desired  to  find  the  threads 
per  inch  most  nearly  corresponding  to  a  2  mm 
pitch.  Look  along  the  offset  vertical  line  of 
metric  pitches  until  2  mm  is  located;  then  go 
horizontally  across  the  chart  to  the  point  where 
the  horizontal  line  cuts  the  curve,  and  then  ver- 
tically downward  to  the  line  showing  threads 
per  inch.  The  point  of  intersection  will  be  the 
threads  per  in  ch  corresponding  t  o  a  pitch  of  2  mm. 
The  equivalent  is  seen  to  be  slightly  less  than  13 
threads  per  inch  (12.7  more  exactly). 

Again,  if  it  is  desired  to  find  the  pitch  in  inches 
corresponding  to  a  given  pitch  in  millimeters,  or 
vice  versa,  it  is  only  necessary  to  go  horizontally 
across  the  chart  from  one  to  the  other.  For 
example,  0.05  inch  is  seen  to  be  equivalent  to 
1.27  mm;  and  3  mm  equivalent  to  0.118  inch. 

The  accompanying  table  is  provided  to  give 
extreme  values  which  cannot  conveniently  be 
shown  in  the  chart,  and  also  for  the  convenience 
of  those  who  prefer  to  use  a  table. 


Common  metric- 
pitches  2 

Designation  of 
screw  system 

Pitch 

Threads 
per 
inch 

mm 

Inches 

8.  0 

0.  3150 

3.  2 

7.  5 

.  2953 

3.  4 

7.0 

.2756 

3.  6 

6.  5 

.2559 

3.9 

6.  0 

.2362 

4.2 

5.5 

.2165 

4.6 

5.0 

.1968 

5.  1 

Systeme  Interna- 

4. 5 

.1772 

5.6 

tional  (S.I.)  (Grosse 

4.  0 

.  1575 

6.4 

,  Mecanique)  . 

3.5 

.1378 

7.3 

Screws  of  6  mm 

3.0 

.  1181 

8.5 

diam  and  above. 

2.5 

.0984 

10.2 

2.0 

.0787 

12.7 

1.  75 

.0689 

14.5 

1.  50 

.0591 

16.9 

Systeme  Francais 

1.  25 

.0492 

20.3 

(Petite  Mecan- 

1.00 

.  0394 

25.4 

ique).  Screws 

.90 

.0354 

28.2 

I    below  6  mm  diam 

.75 

.0295 

33.9 

J    (Small  machine 

.60 

.0236 

42.3 

J    screws) . 

.45 

.0177 

56.4 

.42 

.0165 

60.5 

Small  machine 

.39 

.0154 

65.  1 

screws  and  watch- 

.36 

.0142 

70.6 

makers'  screws. 

.33 

.0130 

77 

Sizes  common  to 

.30 

.0118 

85 

both. 

.27 

.  0106 

94 

.24 

.0094 

106 

.21 

.0083 

121 

.  19 

.0075 

134 

.  17 

.0067 

149 

'Watchmakers 

.  15 

.0059 

169 

screws. 

.  13 

.0051 

195 

.  11 

.0043 

231 

THREADS    PER  JNCH 


Graphic  comparison  of  screw  thread  pitches,  showing  the  number  of  threads  per  inch  and  pitch  in 
millimeters  for  both  inch  and  millimeter  systems. 


a  The  above  chart  is  also  printed  as  a  separate  Miscellaneous  Publication,  M49,  entitled  Graphic  Comparison  of  Screw  Thread 
Pitches,  by  H.  W.  Bearce,  and  may  be  obtained  from  the  Superintendent  of  Documents,  U.  S.  Government  Printing  Office, 
Washington,  D.  C,  Price  5  cents. 
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XII.  STATUS  OF  INTERNATIONAL  METRIC  SYSTEM  IN  THE 

UNITED  STATES 
1.  CONSTITUTIONAL  AUTHORITY  TO  FIX  STANDARDS 

"The  Congress  shall  have  power  to  *  *  *  fix  the  standard  of  weights  and 
measures."    (Constitution  of  the  United  States,  Art.  1,  sec.  8,  par.  5.) 

2.  METRIC  SYSTEM  LEGALIZED 

"It  shall  be  lawful  throughout  the  United  States  of  America  to  employ  the 
weights  and  measures  of  the  metric  system,    *    *  (Revised  Statutes  of  the 

United  States,  sec.  3569.) 

3.  METRIC  STANDARDS  ADOPTED  AS  FUNDAMENTAL 

u  *  *  *  ^e  0ffice  0f  weights  and  measures  *  *  *  will  in  the  future 
regard  the  international  prototype  meter  and  kilogram  as  fundamental  standards, 
and  the  customary  units,  the  yard  and  the  pound,  will  be  derived  therefrom  in  accord- 
ance with  the  act  of  July  28,  1866."  (Order  approved  by  the  Secretary  of  the 
Treasury,  April  5,  1893.) 

4.  METRIC  BALANCES  FURNISHED  CERTAIN    POST  OFFICES 

"The  Postmaster  General  shall  furnish  to  the  post  offices  exchanging  mails  with 
foreign  countries,  and  to  such  other  offices  as  he  may  deem  expedient,  postal  balances 
denominated  in  grams  of  the  metric  system,  fifteen  grams  of  which  shall  be  the 
equivalent,  for  postal  purposes,  of  one-half  ounce  avoirdupois,  and  so  on  in  pro- 
gression. "    (Revised  Statutes  of  the  United  States,  sec.  3880.) 

5.  METRIC  WEIGHTS  USED  FOR  CERTAIN  COINS 

"*  *  *  the  weight  of  the  half-dollar  shall  be  twelve  grams  and  one-half  of 
a  gram;  the  quarter-dollar  and  the  dime  shall  be,  respectively,  one-half  and  one-fifth 
of  the  weight  of  said  half-dollar.  "    (Revised  Statutes  of  the  United  States,  sec.  3513.) 

6.  CONGRESS  PROVIDES  METRIC  STANDARDS  FOR  THE  STATES  OF  THE  UNION, 
LAND-GRANT  AGRICULTURAL  COLLEGES,  AND  THE  SMITHSONIAN  INSTITU- 
TION 

11  Be  it  resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  the  Secretary  of  the  Treasury  be,  and  he  is  hereby, 
authorized  and  directed  to  furnish  to  each  State,  to  be  delivered  to  the  governor 
thereof,  one  set  of  the  standard  weights  and  measures  of  the  metric  system  for  the  use 
of  the  States,  respectively."    (Joint  resolution  of  Congress  approved  July  27,  1866.) 

"Resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  Secretary  of  the  Treasury  be,  and  he  is  hereby, 
directed  to  cause  a  complete  set  of  all  the  weights  and  measures  adopted  as  standards 
to  be  delivered  to  the  governor  of  each  State  in  the  Union,  for  the  use  of  agricultural 
colleges  in  the  States,  respectively,  which  have  received  a  grant  of  lands  from  the 
United  States,  and  also  one  set  of  the  same  for  the  use  of  the  Smithsonian  Institution: 
*    *    *."    (Joint  resolution  of  Congress,  approved  March  3,  1881.) 

7.  UNITED  STATES  JOINS  IN  ESTABLISHING  INTERNATIONAL  BUREAU  OF 

WEIGHTS  AND  MEASURES 

"The  high  contracting  parties  engage  to  establish  and  maintain,  at  their  common 
expense,  a  scientific  and  permanent  international  bureau  11  ol  weights  and  measures, 
the  location  of  which  shall  be  at  Paris."  (Extract  from  convention  of  1875,  signed  for 
the  United  States  by  the  United  States  ambassador  to  France.) 


11  This  bureau  has  the  cutody  of  the  international  standards  of  the  metric  system,  to  which  all  metric  prototypes  of  the  world 
are  referred  for  verification.    It  was  established  and  is  maintained  jointly  by  various  governments. 
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8.  CONGRESS  ADOPTS  THE  METRIC  UNITS  FOR  ELECTRICAL  MEASURES 

It  was  enacted  by  the  Congress  that  the  international  electrical  units  shall  be  the 
legal  units  of  electrical  measure  in  the  United  States.  These  units  were  based  on  the 
centimeter-gram-second  electromagnetic  system  of  electrical  units.  (See  Revised 
Statutes  of  the  United  States,  Supplement,  vol.  2,  chap.  131,  1894.) 

9.  METRIC  SYSTEM  REQUIRED  IN  THE  MEDICAL  WORK  OF  THE  WAR  AND  NAVY 

DEPARTMENTS  AND  THE  U.  S.  PUBLIC  HEALTH  SERVICE  OF  THE  TREASURY 
DEPARTMENT 

(a)  "  Pharmacy  management.    *    *  * 
"(6)  Records. 

"1.  In  time  of  peace  and,  so  far  as  practicable,  in  time  of  war  all  prescriptions 
will  be  written  in  the  metric  system.  *  *  *."  (Army  Regulations,  1929,  Regula- 
tion 40-590,  par.  18,  sub.-par.  18-b  (1).) 

(b)  "The  metric  system  of  weights  and  measures  shall  hereafter  be  employed  in 
the  Medical  Department  of  the  Navy."  (Order  approved  by  the  Secretary  of  the 
Navy,  April  15,  1878. )12 

(c)  "  Officers  shall,  for  all  official,  medical,  and  pharmacal  purposes,  make  use  of 
the  metric  system  of  weights  and  measures."  (Regulations  of  the  U.  S.  Public 
Health  Service,  1931,  sec.  856.) 

10.  METRIC  CARAT  ADOPTED  AS  UNIT  OF  WEIGHT  FOR  DIAMONDS  AND  OTHER 

PRECIOUS  STONES 

" Beginning  July  1,  1913,  the  Bureau  of  Standards  will  recognize  the  international 
metric  carat  of  200  milligrams  as  the  unit  of  weight  for  diamonds  and  other  precious 
stones  and  will  use  this  unit  for  the  purposes  of  certification  of  all  carat  weights 
submitted  to  the  bureau  for  test."  (National  Bureau  of  Standards,  Circular  C43, 
issued  November  1,  1913.) 

"On  and  after  July  1,  1913,  the  unit  of  weight  for  imported  diamonds,  pearls,  and 
other  precious  stones  will  be  the  metric  carat  of  200  milligrams. 

"Collectors  at  ports  now  equipped  with  scales  for  weighing  precious  stones  will 
make  requisition  for  a  new  set  of  weights  based  upon  such  carat."  (Treasury  Depart- 
ment order,  June  17,  1913,  to  collectors  and  other  officers  of  the  customs.) 

11.  METRIC  SYSTEM  OPTIONAL  IN  PUERTO  RICO 

"Section  1. — That  the  metric  system  of  weights  and  measures  and  the  imperial 
system  customarily  used  in  the  United  States,  insofar  as  the  same  is  described  by  this 
act,  are  hereby  recognized  and  established  in  Porto  Rico  for  use  in  all  industrial  and 
commercial  transactions,    *    *  *." 

(Act  No.  135,  approved,  August  18,  1913.) 

12.  METRIC  SYSTEM  MADE  THE  LEGAL  SYSTEM  IN  THE  PHILIPPINE  ISLANDS 

"The  weights  and  measures  to  be  used  throughout  the  Philippine  Islands  are 
those  of  the  metric  sj^stem,  with  the  following  units:    *    *  * 

"The  metric  system  of  weights  and  measures,  with  its  recognized  scales,  shall  be 
used  in  all  contracts,  deeds,  and  other  instruments  publicly  and  officially  attested,  and 
in  all  official  documents;  and,  except  as  hereinbelow  provided,  only  weights  and  meas- 
ures of  the  metric  system  shall  be  officially  sealed  and  licensed. 

"In  the  purchase  and  sale  of  manufactured  lumber  the  English  system  of  meas- 
ures may  be  employed;  and  in  ordering  commodities  or  articles  from  abroad  such 


12  The  metric  system  is  now  used  exclusively  only  in  the  medical  prescription  work  of  the  Bureau  of  Medicine  and  Surgery. 
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weights  and  measures  may  be  employed  as  are  commonly  used  in  the  country  to  which 
the  order  is  sent  or  from  which  the  goods  are  shipped."  (Administrative  Code,  1917, 
vol.  2,  Art.  IX,  p.  8,  sees.  32  and  33.) 

13.  RELATION  BETWEEN  INCHES  AND  MILLIMETERS  ADOPTED  BY  AMERICAN 

STANDARDS  ASSOCIATION 

For  industrial  purposes  a  simple  relation  between  the  inch  and  the  millimeter 
has  been  adopted  by  the  American  Standards  Association  (ASA  B48. 1-1933),  and  by 
similar  organizations  in  15  other  countries.    This  relation  is 

1  inch=25.4  millimeters  (exactly) 
from  which,  1  yard=0.9144  meter  (exactly). 

The  adoption  of  this  relation  by  industry,  for  use  in  making  conversions  between 
inches  and  millimeters,  has  no  effect  upon  the  legal  definition  of  the  yard  or  of  the 
meter. 

14.  DISTANCES   IN   MULTIPLES  OF  METRIC  UNITS  ADOPTED  FOR  AMATEUR 

ATHLETIC  UNION  TRACK  EVENTS 

On  November  22,  1932,  the  Amateur  Athletic  Union  took  official  action  adopt- 
ing metric  distances  for  track  events  to  be  run  in  athletic  meets  held  under  the  juris- 
diction of  that  body.  These  metric  distances  given  in  this  publication  are  also  given 
in  Letter  Circular  LC376,  which  may  be  obtained  from  the  National  Bureau  of 
Standards. 
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Abbreviations,  list  of  accepted   

Acre: 

Definition  

Equivalents  in  hectares,  1  to  9  units  

Equivalents  in  hectares,  1  to  999  units  

Equivalents  of  bushels  per  acre  in  hectoliters  per 

hectare,  1  to  9  units  

Relation  to  other  area  units  

Amateur  Athletic  Union: 

Metric  distances  for  track  events  

American  Standards  Association: 

Conversion  factor,  inches  to  millimeters  

Angstrom  

Apothecaries'  units  (see  also  under  the  name  of  each  unit). 

Are,  definition  

Area: 

Definition  of  units  

Fundamental  units  

Subsidiary  units_  

Athletic  events,  track  distances  in  meters  

Avoirdupois  units  of  mass  (see  also  under  the  name  of  each 
unit)    

Barrel: 

For  apples: 

Definition  

Volume  in  cubic  inches  

Board  foot,  definition  

Bureau,  International,  of  Weights  and  Measures  

Bushel: 
British: 

Relation  to  United  States  bushel,  approximate, . 
United  States: 

Definition    

Equivalents  in  hectoliters,  1  to  9  units  

Equivalents  in  hectoliters,  1  to  999  units  

Heaped    

Relation  to  other  capacity  units  

Stricken  or  struck  

Volume  in  cubic  inches  


Capacity: 

Definition  of  units  

Fundamental  units  

Subsidiary  units  

Capacity  measures: 

Coefficient  of  expansion  

Distinction  between,  and  units  

Material  of  which  made  

Temperature  at  which  standard  

Carat: 

Metric,  definition  

Old,  in  use  in  United  States  previous  to  July  1,  1913.. 

Centare,  definition  

Centigram,  definition  

Centiliter,  definition  

Centimeter: 
Cubic: 

Definition  

Equivalents  in  cubic  inches,  1  to  9  units  

Relation  to  other  volume  units  

Definition  

Relation  to  other  units  

Square: 

Definition  

Equivalents  in  square  inches,  1  to  9  units  

Relation  to  other  area  units    

Chain  (Gunter's): 

Definition  

Relation  to  other  length  units  

Square: 

Definition  

Relation  to  other  area  units  

Common  fractions  of  an  inch  in  decimals  of  an  inch  and 

millimeters  

Comparison  of  pounds  and  tons  used  in  United  States. 
Comparison  of  screw  thread  pitches: 

English  and  metric  Facing 
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Contents,  table    

Conversion  factor,  ASA: 

Inches  to  millimeters   

Cord,  definition    

Cubic  measure,  units  (see  also  under  the  name  of  each 

unit)    

Customary  standards  of  length,  temperature  at  which 

standard  

Decigram,  definition  

Deciliter,  definition  

Decimal  and  common  fractions  of  an  inch  and  millimeters. 
Decimeter: 
Cubic: 

Definition  

Relation  to  liter  

Relation  to  other  volume  units  

Definition    

Equivalent  in  inches  

Square,  definition  

Dekagram,  definition   

Dekaliter: 

Definition  

Equivalents  in  United  States  pecks,  1  to  9  units  

Relation  to  other  capacity  units  

Dekameter: 

Cubic,  definition  

Definition  

Square,  definition  

Dram: 

Apothecaries': 

Definition    

Equivalents  in  grams,  1  to  9  units  

Relation  to  other  units  of  mass  

Avoirdupois: 

Definition  

Relation  to  other  units  of  mass  

Fluid: 

Definition    

Equivalents  in  milliliters,  1  to  9  units  

Relation  to  other  capacity  units  

Dry  units  of  capacity  (see  also  under  the  name  of  each 
unit)  


Electrical  units,  based  on  metric  system. 

Equivalents,  fundamental  

Equivalents.    (See  names  of  units.) 
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Fathom,  definition  

Feet.    (See  Foot.) 

Fluid  units  (see  also  under  the  name  of  each  unit). 
Foot: 

Cubic: 

Definition  

Equivalents  in  cubic  meters,  1  to  9  units. . 

Equivalents  in  liters,  1  to  9  units  

Relation  to  other  volume  units  

Definition  

Equivalents  in  meters,  1  to  9  units  

Equivalents  in  meters,  1  to  999  units  

Relation  to  other  length  units  

Square: 

Definition  

Equivalents  in  square  meters,  1  to  9  units. 

Relation  to  other  area  units  

Fractions  of  an  inch  and  rnillimeters  

Furlong,  definition    


Gallon: 

British  imperial: 

Relation  to  United  States  gallon,  approximate. 
United  States: 

Definition  

Equivalents  in  liters  1  to  9  units  

Equivalents  in  liters  1  to  999  units  

Relation  to  other  capacity  units  

Volume  in  cubic  inches  

Geographical  mile.    (See  Mile,  geographical.) 
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Gill: 

Definition   5 

Relation  to  other  capacity  units   8 

Volume  in  cubic  inches    5 

Grain: 

Definition..    5 

Equivalents  in  grams,  1  to  9  units   13 

Relation  to  other  units  of  mass   10 

Gram: 

Definition   5 

Equivalents  in  grains,  1  to  9  units   13 

Equivalents  in  apothecaries'  drams,  1  to  9  units   13 

Equivalents  in  troy  ounces,  1  to  9  units   13 

Equivalents  in  avoirdupois  ounces,  1  to  9  units   13 

Relation  to  other  units  of  mass   10 

Weights  of  certain  coins  in  grams   63 

Graphic  chart  of  screw  thread  pitches  Facing  62 

Hand,  definition   3 

Hectare: 

Definition   3 

Equivalents  in  acres,  1  to  9  units   12 

Equivalents  in  acres,  1  to  999  units   38 

Relation  to  other  area  units   8 

Hectogram,  definition   5 

Hectoliter: 

Definition   4 

Equivalents  in  United  States  bushels,  1  to  9  units   13 

Equivalents,  1  to  9  units: 

Of  hectoliters  per  hectare  in  United  States  bushels 

per  acre    13 

Equivalents  of  hectoliters  per  hectare  in  bushels  per 

acre,  1  to  9  units   13 

Hectometer: 

Cubic  definition     4 

Definition     3 

Square,  definition   3 

Hundredths  of  an  inch,  equivalents  of,  in  millimeters   15 

Hundredweight: 

Long,  definition     5 

Short: 

Definition     5 

Relation  to  other  units  of  mass...   10 

Inch: 

Definition..      3 

Equivalents  in  millimeters,  1  to  9  units   12 

Equivalents  of  common  fractions  of,  in  decimals  of  an 

inch   15 

Equivalents  of  common  fractions  of,  in  millimeters. .  15 

Equivalents  in  hundredths  of  an  inch,  in  millimeters.  15 

Equivalents  in  meters,  1  to  12  units   29 

Relation  to  other  length  units.     8 

Cubic: 

Definition     4 

Equivalents  in  cubic  centimeters,  1  to  9  units   12 

Equivalents  in  liters,  1  to  9  units    12 

Number  in  gallon   4 

Num  berinbushel   4 

Relation  to  dry  capacity  units   10 

Relation  to  liquid  capacity  units   8 

Relation  to  other  volume  units   8 

Square: 

Definition   4 

Equivalents  in  square  centimeters,  1  to  9  units—  12 

Relation  to  other  area  units   8 

International  Bureau  of  Weights  and  Measures   63 

Interrelation  of  units   8 

Introduction.   i 

Kilogram: 

Definition     5 

Equivalents  in  avoirdupois  pounds,  1  to  9  units   13 

Equivalents  in  avoirdupois  pounds,  1  to  999  units   58 

Equivalents  in  avoirdupois  and  troy  pounds,  short 

and  long  tons,  and  metric  tons,  1  to  9  units   14 

Relation  to  other  units  of  mass   10 

Kilometer: 

Cubic,  definition   4 

Definition   3 

Equivalents  in  statute  miles,  1  to  9  units   12 

Equivalents  in  statute  miles,  1  to  999  units   34 

Square: 

Definition     3 

Equivalents  in  square  miles,  1  to  9  units   12 

Law: 

Equivalent  of  half  ounce  in  grams  for  use  in  post 

offices   63 

Electrical  units  based  on  metric  system   64 
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Law— Continued.  Page 

July  28, 1866,  legalizing  use  of  metric  system   63 

Metric  system  in  Puerto  Rico   64 

Metric  system  in  Philippine  Islands   64 

Weights  of  certain  coins  in  grams  fixed  by  law   63 

Legal  status  of  metric  system  in  United  States   63 

Length: 

Cable.    (See  Cable  length.) 

Definition  of  units     3 

Fundamental  units   3 

Subsidiary  units   3 

Link: 

Definition   3 

Relation  to  other  length  units   8 

Square: 

Definition   4 

Relation  to  other  area  units   8 

Liquid  units  (see  also  under  the  name  of  each  unit)   4 

Liquids: 

Sale  of,  by  measure   6 

Temperature  of  density  determinations   6 

Liter: 

Definition   4 

Equivalents  in  cubic  inches,  1  to  9  units   12 

In  cubic  feet,  1  to  9  units   12 

In  United  States  dry  quarts,  1  to  9  units   13 

In  United  States  dry  pecks,  1  to  9  units   13 

In  United  States  liquid  pints,  1  to  9  units   13 

In  United  States  liquid  quarts,  1  to  9  units   13 

In  United  States  gallons,  1  to  9  units   13 

In  United  States  liquid  quarts,  1  to  999  units   46 

In  United  States  gallons,  1  to  999  units   50 

Relation  to  cubic  decimeter   4 

to  other  liquid  capacity  units   8 

to  other  dry  capacity  units    10 

Long  hundredweight.   -See  Hundredweight,  long. 
Long  ton.    (See  Ton,  long.) 

Mass: 

Definition  of  units   5 

Fundamental  units   5 

Subsidiary  units     5 

Mendenhall  Order       1 

Meter: 
Cubic: 

Definition       4 

Equivalents  in  cubic  feet,  1  to  9  units   12 

Equivalents  in  cubic  yards,  1  to  9  units   12 

Equivalents  in  cubic  yards,  1  to  999  units   42 

Relation  to  other  volume  units   8 

Definition   3 

Equivalents  in  feet,  1  to  9  units   12 

Equivalents  in  feet,  1  to  999  units   30 

Equivalents  in  rods,  1  to  9  units   12 

Equivalents  in  yards,  1  to  9  units   12 

Legal  equivalent  in  inches   2 

Relation  to  other  length  units    8 

Square: 

Definition   3 

Equivalents  in  square  feet,  1  to  9  units   12 

Equivalents  in  square  yards,  1  to  9  units   12 

Relation  to  other  area  units   8 

Metric  standards  of  length,  temperature  at  which  stand- 
ard    6 

Metric  system: 

Abbreviations    6 

Legalized     63 

Prefixes   1 

Statement  of  legal  status   63 

Units   1 

Use  in  coinage   63 

Use  in  medical  work  of  War  Department   64 

Use  in  medical  work  of  Navy  Department   64 

Use  in  Philippine  Islands   64 

Use  in  Puerto  Rico   64 

Use  in  U.  S.  Public  Health  Service    64 

Metric  ton.    (See  Ton,  metric.) 

Micron,  definition   3 

Mile: 

Geographical,  definition   3 

Nautical: 

Definition   3 

Square: 

Definition   4 

Equivalents  in  square  kilometers,  1  to  9  units   12 

Relation  to  other  area  units   8 

Statute: 

Definition   3 

Equivalents  in  kilometers,  1  to  9  units   12 

Equivalents  in  kilometers,  1  to  999  units   32 

Relation  to  other  length  units    8 
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Milligram: 

Definition     5 

Relation  to  other  units  of  mass   10 

Milliliter: 

Definition   5 

Equivalent  in  cubic  centimeters   5 

Equivalents  in  apothecaries'  drams,  1  to  9  units   13 

Equivalents  in  fluid  ounces,  1  to  9  units   13 

Relation  to  other  capacity  units   8 

Millimeter: 

Cubic,  definition   4 

Definition   3 

Equivalents  in  inches,  1  to  9  units   12 

Equivalents  in  inches,  1  to  99  units   15 

Square,  definition   4 

Millimicron,  definition   3 

Minim: 

Definition   5 

Relation  to  other  capacity  units   8 

Nautical  mile.    (See  Mile,  nautical.) 

Ounce: 

Apothecaries',  definition   5 

Avoirdupois: 

Definition   5 

Equivalents  in  grams,  1  to  9  units   13 

Relation  to  other  units  of  mass   10 

Fluid: 

Definition   ---  5 

Equivalents  in  milliliters,  1  to  9  units   13 

Relation  to  other  capacity  units   8 

Troy: 

Definition   5 

Equivalents  in  grams,  1  to  9  units   13 

Relation  to  other  units  of  mass   ---  10 

Peck: 

Definition   5 

Equivalents  in  liters,  1  to  9  units   13 

Equivalents  in  dekaliters,  1  to  9  units   13 

Relation  to  other  capacity  units   10 

Volume  in  cubic  inches   5 

Pennyweight: 

Definition   5 

Relation  to  other  units  of  mass   10 

Pint: 
Dry: 

Definition   5 

Relation  to  other  capacity  units   10 

Volume  in  cubic  inches  T   5 

Liquid: 

Definition   5 

Equivalents  in  liters,  1  to  9  units   13 

Relation  to  other  capacity  units   8 

Volume  in  cubic  inches   5 

Pitches,  screw  thread,  English  and  metric  Facing  62 

Point,  definition   3 

Post  office,  equivalent  of  half  ounce  in  usage   63 

Pound: 

Apothecaries': 

Definition   5 

Relation  to  other  units  of  mass   10 

Avoirdupois : 

Definition   5 

Equivalents  in  kilograms,  1  to  9  units   13 

Equivalents  in  kilograms,  1  to  999  units   56 

Equivalents  in  troy  pounds,  kilograms,  short  and 

long  tons,  and  metric  tons,  1  to  9  units   14 

Fundamental  equivalent   5 

Relation  to  other  units  of  mass..    10 

Troy: 

Definition   5 

Equivalents  in  avoirdupois  pounds,  kilograms, 

short  and  long  tons,  and  metric  tons,  1  to  9  units-  14 

Relation  to  other  units  of  mass..    10 

Quart: 
Dry: 

Definition   5 

Equivalents  in  liters,  1  to  9  units   13 

Relation  to  other  capacity  units   10 

Volume  in  cubic  inches   5 

Liquid: 

Definition   5 

Equivalents  in  liters,  1  to  9  units   13 

Equivalents  in  liters,  1  to  999  units   44 

Relation  to  other  capacity  units   8 

Volume  in  cubic  inches    5 
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Reduction  factors  (see  also  separate  tables)    i 

Rod: 

Definition    3 

Equivalents  in  meters,  1  to  9  units..   12 

Relation  to  other  length  units    8 

Rod,  square: 

Definition   4 

Relation  to  other  area  units     g 

Screw  threads,  comparison  of  pitches,  English  and 

metric  Facing  62 

Scruple,  apothecaries': 

Definition    5 

Relation  to  other  units  of  mass   10 

Short  hundredweight.    (See  Hundredweight,  short.) 

Short  ton.    (See  Ton,  short.) 

Span,  definition     3 

Spelling  of  units    6 

Square  measure: 

Abbreviation    6 

Units      3 

See  also  under  the  name  of  each  unit. 

Standards,  metric,  furnished  to  each  State   63 

Standards  of  measurement: 

Coefficient  of  expansion    6 

Congress  has  power  to  fix,  in  Constitution...   63 

Density  of,  for  weights     6 

Distinction  between,  and  units    5 

Temperature  of   6 

Status  of  metric  system  in  United  States     63 

Statute  mile.    (See  Mile,  statute.) 

Stere,  definition.    4 

Tables  of  equivalents: 

Method  of  construction    1 

Method  of  use     1 

Tapes: 

Method  of  support    6 

Temperature  at  which  standard   6 

Tension    6 

Ton: 

Long: 

Definition    5 

Equivalents  in  troy  and  avoirdupois  pounds, 
kilograms,  short  tons,  and  metric  tons,  1  to  9 

units   14 

Relation  to  other  units  of  mass   10 

Short: 

Definition     5 

Equivalents  in  troy  and  avoirdupois  pounds, 
kilograms,  long  tons,  and  metric  tons,  1  to  9 

units   14 

Relation  to  other  units  of  mass   10 

Troy  units  of  mass  (see  also  under  the  name  of  each  unit)  - .  5 

Units: 

Abbreviations   6 

Definitions   3 

Spelling   6 

Table  of  metric   1 

Volume: 

Abbreviation  of  units   6 

Definition  of  units   4 

Fundamental  units   4 

Subsidiary  units   4 

Weights  of  certain  coins  in  grams   63 

Weights: 

Buoyancy   6 

Density   6 

Material   6 

Weights  and  Measures,  International  Bureau   63 

Yard: 

Cubic: 

Definition   4 

Equivalents  in  cubic  meters,  1  to  9  units   12 

Equivalents  in  cubic  meters,  1  to  999  units   40 

Relation  to  other  volume  units  ...  8 

Definition   3 

Equivalents  in  meters,  1  to  9  units   12 

Legal  equivalents   1 

Relation  to  other  length  units   8 

Square: 

Definition   3 

Equivalents  in  square  meters,  1  to  9  units   12 

Relation  to  other  area  units   8 
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